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THE INSTITUTE OF PETROLEUM 


An Ordinary General Meeting of the Institute of Petroleum was held at 
26 Portland Place, London, W.1, on 10 December 1952, the President, 
H.S. Gibson, C.B.E., in the Chair. 


THE PRESIDENT said: The symposium on liquefied petroleum gases 
being presented this evening consists of three papers by Mr E. Squire, 
assistant general manager (Technical) of National Oil Refineries Ltd., by 
Mr S. Shaw, who is distribution manager of the Calor Gas (Distributing) 
Co. Ltd., and by Mr T. H. Taylor, chief engineer of the same Company. 
All are members of the Liquid Fuel Gas Industry Committee, Mr Squire 
being the vice-chairman. 


The following papers were then presented : 


THE PRODUCTION OF LIQUEFIED FUEL GASES 
By EK. S. Squire * (Fellow) 


INTRODUCTION 


LIQUEFIED petroleum gases are distributed in Britain for domestic and 
industrial uses. 
For domestic purposes, the liquefied gas consists essentially of C, hydro- 


carbons, with small quantities of C, hydrocarbons, and with not more than 
about 1 per cent of the higher hydrocarbons. 

For most industrial purposes, such as metal cutting, the liquefied gas 
consists essentially of the Cy hydrocarbons, 

The choice of hydrocarbons for the different duties depends mainly on 
the working pressure and the rate of offtake required from a given size of 
container. 

For domestic purposes, the commercial butane has a vapour pressure of 
about 25 p.s.i.g. at average atmospheric temperatures, with a maximum 
vapour pressure of 85 Ib at 45° C. 

The commercial propane used for industrial purposes has a vapour 
pressure of approximately 100 p.s.i.g. at average atmospheric temperatures, 
with a maximum vapour pressure of 285 p.s.i.g. at 45° C. 


SOURCES 


The main sources of liquefied petroleum gases are natural gas, crude oil, 
gases from cracking and reforming processes, and the gases from hydro- 
genation processes. 

In Britain liquefied gases are obtained from the last three sources. 

In the case of crude oil, while the amount of butane or propane present 
might be small, the concentration in the gases or light distillates obtained 
from the distillation of the crude oil may be considerable. 


* National Oil Refineries Ltd. 
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When conditions justify the procedure, and where butane is separated at 
the source of the crude oil production, as it frequently is, it has been possible 
to balance the market demand for butane in Britain by enriching the crude 
oil with butane up to approximately 6 per cent by weight without undue 
loss on transport. This has been found to be a convenient way of trans- 
porting butane from overseas. 


MANUFACTURING METHODS 


The method employed for the recovery of liquefied gases will depend on 
its source, its composition, and the percentage recovery which is required 
or which is considered economically justified. 

Considering what is probably the simplest manufacturing method, 7.¢., 
recovery of butane from crude oil distillation, most modern distillation units 
are equipped with a primary flash column working at a pressure of up to 
50 p.s.i. In this column up to 10 per cent of the crude oil is taken as 
distillate, and under the working conditions of the column all the lighter 
fractions, such as butane and propane, are condensed with this distillate, 
little or no gas being produced. 

This distillate is passed to a stabilizing plant, from which stabilized 
gasoline with the required vapour pressure is produced, together with liquid 
propane and butane, and gas which is used as refinery fuel. The sequence 
of operations is determined by local conditions; in some cases the propane 
and butane are condensed together at the top of the stabilizing column and 
passed to another column in which the butane is taken as a residue and the 
propane either as a tray cut or, more frequently, as an overhead product. 

Where the ratio of propane to butane in the crude oil is low and no propane 
production is required, it is sometimes possible to take specification butane 
as a liquid product overhead direct from the stabilization column, thus 
simplifying the operations and reducing the cost of production. 

Where the propane and butane are obtained from gaseous sources such 
as natural gas or from most cracking operations, it is generally necessary to 
compress the gas to some pressure, depending on its composition. In the 
simplest processes the compressed gas is then cooled and a condensate is 
obtained containing liquid gasoline fractions, together with propane and 
butane, which are fractionated as previously described. 

In some cases the gases at high pressure are passed through an absorp- 
tion column, where the gasoline and lighter fractions are absorbed in a 
suitable absorption oil and recovered in a desorption column. The use of 
this absorption column usually results in higher yields or, alternatively, 
allows the process to be worked at lower pressures. 

Where maximum yields of propane and butane are required, it is not 
unusual for the gasoline containing propane and butane to be passed to a de- 
ethanizing column where ethane is removed, to a depropanizing column for 
the recovery of propane, and then to a debutanizing column, in which butane 
is produced overhead and stabilized gasoline on the bottom of the column. 

In recent years it has become fairly general practice to use refrigeration 
in the recovery of these gases in order to reduce the working pressures. 
Where the maximum propane recovery is required and a de-ethanizing 
step is included, the use of refrigeration makes it easier to separate methane 
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and ethane from the propane, due to a more favourable relationship between 
the vapour pressures of these hydrocarbons. 

If very low temperatures are employed, it is essential that the feed 
materials should be thoroughly dried in order to avoid troubles arising from 
separation of hydrates. 


SPECIFICATIONS AND TEST METHODS 


The salient points in the specifications for liquefied gases are intended to 
ensure that the whole of the contents of the container can be evaporated 
at the desired working pressure, under normal temperature conditions. 
This requires that there should be present not more than a small quantity 
of heavy ends, and that the pressure in the container should be adequate 
even at the lowest temperature likely to be experienced. 

Difficulty arises here because, as the contents of the container evaporate, 
the liquid remaining contains progressively smaller proportions of the 
lighter hydrocarbons, as a result of differential evaporation. This is a 
particular difficulty in the case of liquefied butane for the domestic market 
in Britain, as the normal butanes boil at approximately 0° C and the iso- 
butanes at 10° C, temperatures which are very near the ambient tem- 
peratures that might be experienced in Britain. As the gas is used and the 
liquid becomes denuded of propanes, the pressure falls and may be too low 
to operate the pressure-controlling valve and the appliances. Where this 
becomes a serious problem, mixtures of propane and butane are marketed, 
and where very low temperatures are experienced, propane is used. 

It will be appreciated that heat has to be supplied for the evaporation of 
the liquid. Part of this heat is initially supplied by the sensible heat of the 
liquid itself, but once equilibrium is attained, with continuous offtake of 
gas, this heat must be supplied from the atmosphere through the container 
walls. The rate at which gas can be taken from a cylinder is therefore 
largely determined by the area of the walls of the container and the differ- 
ence in temperature between the container contents and the outside 
atmosphere. 

Limits are also set to the proportion of the lighter hydrocarbons present, 
for example, ethane in commercial butane, as this can have a considerable 
influence on the burning characteristics of the gas. 

The liquefied gas should be free from H,S, and should not contain large 
enough quantities of mercaptans to produce a nauseating odour. On the 
other hand, it is essential that the liquefied gas should have a distinct and 
pronounced odour, so that if leaks occur they can be detected before the 
concentration in the atmosphere approaches the lower explosive limit. In 
some cases it is necessary to add an odorizer, and those commonly em- 
ployed are alkyl sulphides and disulphides, mercaptans and certain con- 
centrates from the re-running of turpentine. A limit is set to the total 
sulphur content to reduce the corrosive effect of the products of combustion. 

Free water should be absent. 

The analysis of liquefied gases is normally carried out in the Podbielniak 
or similar distillation apparatus. Approximate results, for control purposes, 
can be obtained by weathering tests carried out in a graduated glass 
cylinder, under roughly standardized conditions. 
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The Reid vapour pressure apparatus formerly employed for vapour 
pressure determinations was found to give low results, due to the solution, 
in the sample, of air from the air vessel and to the differential evaporation 
of the lighter hydrocarbons from the sample into the air vessel. 

In the Reid apparatus the air vessel has a volume four times that of the 
liquid vessel, and in the case of liquefied gases having a high vapour pressure 
the amount of hydrocarbons evaporated into the air vessel became a large 
proportion of the sample. 

Arising out of a request made by the Liquid Fuel Gas Industry Com- 
mittee, the apparatus for vapour pressure determination is, therefore, being 
re-designed by the Institute of Petroleum. The modified apparatus is, in 
fact, an inverted Reid apparatus in which the larger vessel is filled with 
liquid and the smaller one is used as the air vessel, which, in the new 
method, will be purged with vapour from the sample before the determina- 
tion of the vapour pressure. 

It is also hoped that it will be possible to use the newly designed apparatus 
as a pyknometer for determining the density of liquid gases. 


STORAGE 


The design of storage vessels and containers is based on the pressure 
which will be reached at the highest temperature which is likely to be ex- 
perienced in any given area. In Britain the temperature agreed upon is 
45°C (113° F), so that butane containers are designed for a working 
pressure of 85 p.s.i.g. (100 lb abs) and propane containers for 285 p.s.i.g. 
(300 lb abs). 

The bulk storage of butane may be in horizontal cylindrical tanks or, if 
large quantities are to be stored, in hortonspheres. 

The maximum amount of liquefied gases which may be stored in a con- 
tainer is such that at a temperature of 45° C the volume of liquid must not be 
more than 95 per cent of the total volume of the container. This amount 


TABLE I 
Relation Between Filling Ratio and Density of Liquefied Gas at 15° C 


Density at 15° C . 
Maximum 
Filling Ratio 


Not Less than Less than 


0-510 0-515 0-440 
0-515 0-520 0-445 
0-520 0-525 0-450 
0-525 0-530 0-455 
0-530 0-535 
0-535 0-540 
0-540 0-545 
0-545 0-550 
0-550 0-555 
0-555 0-560 
0-560 0-565 
0-565 0-570 
0-570 0-575 
0-575 0-580 
0-580 0-585 
0-585 0-590 
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is defined by the filling ratio, which is the weight of liquefied gas it is 
permissible to store, divided by the weight of water which the container 
will hold at 150° C. 

The filling ratio, therefore, is a figure which numerically is not greater 
than 0-95 times the density of the liquid at 45° C. 

The density of these liquids is not easily determined by routine methods 
at 45° C, so that instead the filling ratio is related to the density of the 
liquefied gas at 15° C, as shown in Table I. 


FILLING OF CONTAINERS FOR LIQUEFIED GASES 


Liquefied gases are distributed in Britain in a variety of containers of 
different capacities varying from a few pounds up to approximately | ton, 
and in rail cars with a capacity of 8 tons. 

The containers are filled on a weighing machine, and great care is taken to 
avoid exceeding the filling ratio for which the container is designed. 

In the case of commercial butane it is essential to remove air from the 
container as, if it is not removed, the initial offtake of gas containing large 
proportions of air will not burn in the burner. Air is usually removed by 
evacuating the container, then filling with butane gas to a pressure slightly 
above atmospheric to avoid leaks of air into the container while transporting 
from the evacuating point to the filling point. 

In some cases the operation of evacuation and re-filling with butane gas 
is carried out twice, especially on containers which are known to contain 
large proportions of air, such as new containers being used for the first time, 
or those which are found to have been returned with the valve open or those 
from which the valve has had to be removed for some purpose or another. 

After filling, the bottle and valve are tested for leaks by submerging 
under water, and the bottle is then sealed, and finally the weight of the 
bottle is checked before despatch. 


DISTRIBUTION OF LIQUEFIED PETROLEUM 
GASES 


By 8. * 


ALTHOUGH liquefied petroleum gases have been distributed in the U.S.A. 
for more than twenty-five years and in Europe for a period of upwards of 
twenty years, it was not until the completion of the hydrogenation plant 
built by L.C.I. Ltd. at Billingham that these gases became available in 
Britain for domestic purposes. 

It is, therefore, safe to say that 1935 was the year which saw the birth of 
this now flourishing industry. 

It was at first thought that the most natural medium for distribution 
would be the town gas industry, by its adding bottled or cylinder gas for use 
outside the sphere of gas mains. This method, however, did not prove to 


* Distribution Manager Calor Gas (Distributing) Co. Ltd. 
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be successful, and other methods of making L.P. gas known in its rural 
market had to be adopted. 

For a period of time direct canvassing of potential consumers was largely 
the practice of the industry, and it was not until 1937 that a more general 
system of enlisting the aid of local country businesses as dealers in L.P. 
gas was attempted. Even to-day, this procedure is not universal, as one 
distributor still employs the direct to consumer method. 

The seventeen years during which the industry has been in operation can 
be divided up into three distinct periods; (1) pre-war; (2) war; and (3) 
post-war. 

The pre-war period included an era of unemployment, trade depression, 
etc., with the result that the early pioneering days presented terrific 
problems in the promotion of what was then an unknown product. In 
spite of this, however, considerable success was attained. Sufficient at any 
rate to enable the industry to continue during the war period with gas 
distribution to its existing consumers. 

Valuable assistance was also rendered to the war effort in many interesting 
spheres. 

There was, however, no question of continuing any form of intensive 
sales campaign owing to the impossibility of securing supplies of steel for 
cylinder manufacture, or other raw materials required for the manu- 
facture of butane gas appliances. Also the amount of L.P. gas available 
for distribution was limited—therefore little or no expansion was possible. 

With the cessation of hostilities there was, however, a solid foundation on 
which has been built a very solid industry, playing a more than useful part 
in providing town amenities to people located outside the range of town gas 
—in many cases also outside the range of electricity, although in the latter 
case considerable progress has been made in meeting competition from the 
growth of the electric grid. 

Such has been the growth, that to date it is estimated there are some 
350,000 consumers in country homes, etc., in Britain dependent on L.P. 
gas supplies for cooking, heating, water heating, and lighting purposes. 

From these figures it can be quickly estimated that, to date, upwards of 
1,000,000 people, therefore, are in daily need of L.P. gas. 

It has been mentioned that the initial source of supply was from I.C.L., 
Billingham, although supplies were shortly afterwards made available by 
National Oil Refineries Ltd. at Llandarcy. Supplies from Llandarcy, 
however, ceased on the outbreak of war, and were not resumed until 1945. 
During the war, therefore, supplies of L.P. gas for the whole of the United 
Kingdom were dependent on the one source at Billingham, and were dis- 
tributed by rail transport, which was subject to the difficulties of wartime 
conditions. 

Even during the war period, however, it was recognized by the various 
interested Government departments that the people dependent on L.P. 
yas for cooking, etc., formed a high essential need, and transport priorities 
were freely given, with L.P. gas enjoying the same priority rating as coal. 

During the build-up for D-Day the industry was given very short notice, 
some fourteen days in all, in which to take away from rail transport all L.P. 
gas cylinders and to introduce road transport methods, as no rail transport 
would be available. A trunk road haula e system was introduced and 
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delivered cylinders of gas to selected depots for local road haulage redistri- 
bution. This distribution continued for the remainder of the war period. 

Llandarey came back into the picture soon after the end of the war, and 
L.P. gases became available for distribution, not only from Billingham and 
Llandarey, but also from the ** Shell’ Refining and Marketing Co. Ltd. at 
Stanlow, the Esso Petroleum Co. Ltd. at Fawley, and Scottish Oils Ltd. at 
Grangemouth. These developments have been of the greatest possible 
assistance to all distributors in tending to simplify the resolution of trans- 
port problems. 

Although there is a movement of L.P. gases by rail tank car, it can be said 
that for domestic purposes road transport is now universally adopted. 
This road transport movement might now be divided into two sections (a) 
where L.P. gas is collected from refineries in bulk road tank cars for delivery 
to a filling station for storage purposes and subsequent filling into suitably 
sized cylinders for domestic purposes, (b) where the greater part of filling 
into these smaller cylinders is carried out by filling stations inside the 
refineries and deliveries are in accordance with the requirements of the 
various distributors, either (i) direct to dealer; (ii) to depots for subsequent 
delivery to dealers; or (iii) to depots for subsequent direct delivery to con- 
sumers. 

Mention has been made of suitably sized cylinders for domestic purposes, 
and the following is a brief description of the types more generally in use :— 


1. Locker cylinder, having a 13-inch diameter base standing approx 
12 inches high and containing 14 lb of L.P. gas. 

2. Normal domestic size cylinder, also having a 13-inch diameter 
base with an overall height of approx 23 inches and containing 32 
Ib of L.P. gas. 

3. For large type installations, cylinders containing 83 |b of L.P. 
gas have been introduced and those also have a 13-inch diameter base 
and stand approx 50 inches high. 


With the increased growth of the industry, and including all types of 
distribution, there are at least 1500 points in Britain from which L.P. 
gas is available for local distribution to consumers. 

For the most part, consumers’ installations consist of two cylinders—one 
for use and one for reserve purposes—and under these conditions a con- 
tinuity of gas supply can be guaranteed. The normal method to ensure a 
continuity of gas supply is for the consumer to advise the dealer or depot 
that the cylinder in use is exhausted and requires replacement. 

Although complete statistics are not available, it is estimated that the 
average consumer use is about eight 32-lb fills per annum. Thus the dealer, 
or depot, has ample time in which to effect deliveries of gas in accordance 
with the consumers’ requirements. 

On the basis of there being approx 350,000 consumers and at an average 
use of eight 32-lb fills per annum, it will be seen that some 2,800,000 
32-lb cylinders are distributed annually. As seventy of these cylinders 
make up | ton of gas, the industry is at present consuming in the region of 
40,000 tons of L.P. gas each year. 

With a view to improving conditions throughout the industry, and in 
order to ensure consumer safety and satisfaction, an Industry Committee 
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was formed in the year 1947 to include both producers and distributors and 
to provide liaison with cylinder manufacturers and appliance manu- 
facturers. 

On the distribution side, appliance manufacturers have improved the 
construction of L.P. gas appliances very materially, and with the intro- 
duction of codes of practice for fixing installations, the consumer interest 
has not been ignored and the general expansion of the industry has derived 
its best salesmen from existing satisfied consumers. 


THE UTILIZATION OF LIQUEFIED PETROLEUM 
GASES 


By T. H. Taytor * 


GENERAL 
Introduction 


A DIVERSE and complicated machinery has been established for the purpose 
of ensuring the receipt by a customer of a fill of liquid gas. This paper 
attempts to describe without excessive detail the wide diversity of the 
applications of L.P. gas as a fuel; the attempts being made to raise the 
standard of utilization; the precautions taken by all concerned to ensure 
high efficiency and low risk to the customer. Finally, an attempt is made 
to look into the future and the conclusion drawn that, impressive as the 
growth of the L.P. gas business has been, it is merely the prelude to much 
wider application. 


Historical Review and Official Bodies 


The L.P. gas business has made enormous strides since first introduced 
into Britain in the middle nineteen thirties, and it is creditable that a 
technical body was formed nearly six years ago (i.e., while the industry 
was still quite small) for the purpose of propagating the safe and efficient 
use of the fuel. This body, the Liquid Fuel Gas Industry Committee, will 
be well known to many, but the scope and importance of its work will not be 
so well known. Its membership includes all the major producing and 
distributing companies, and can rightly claim to be fully representative. 
Its programme of work covers the complete handling and utilization of L.P. 
gases, from the composition of the gas to the operation of the appliances ; 
much useful work has been done. 

To an extent probably not equalled by any other fuel industry the L.P. 
gas industry specifies and controls every item used, and as a result has a 
proud accident record. 

Fortunately, or unfortunately, according to the point of view, no Govern- 
ment regulations exist which control the quality and performance of L.P. 
gases, and it is to provide such guidance as is necessary, and to anticipate 


* Chief Engineer, Calor Gas (Distributing) Co. Ltd. 
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regulations, that the Committee exists. Specifications for all items of 
equipment are drawn up, either by the Committee or by the distributing 
companies, and the general standard improves steadily. As far as filling 
ratios and cylinder specifications are concerned, the Home Office, the 
National Physical Laboratory, and the Department of Scientific and 
Industrial Research have been instrumental in providing useful information 
and have treated the industry with fairness and sympathy. 

The Ministry of Works has now started work on codes of practice for 
butane use, and work done by the LFGIC to date will be of special value to 
the committee being formed. Effective liaison with manufacturers’ bodies, 
such as the Small Boat Builders’ National Federation, the National Caravan 
Council, etc., has been maintained, and has culminated in the issue of 
documents covering codes of practice for butane installations in yachts 
and caravans. The BSI has a committee working on appliance per- 
formance; the initial documents for this committee were produced by one 
of the panels of the LFGIC. There is also close liaison between the LFGIC 
and the Institute of Petroleum for the purpose of producing standard 
test methods. 


APPLICATIONS 


Domestic 


Most people are familiar with such domestic equipment as cookers, 
fires, water heaters, lights, etc., and it is not proposed to examine them in 
great detail. The range of appliances available is rather smaller than that 
existing in the town gas industry, but it is true to say that practically every 
type of appliance in use in the domestic town gas industry has its counter- 
part in the L.P. gas business. It is a widely held, but erroneous belief, that 
most L.P. gas appliances are used in caravans and yachts. This is a very 
faulty assumption. Generally speaking, although the range of equipment 
available is as wide, the L.P. gas business is in an earlier stage of develop- 
ment than the town gas business, and a lower degree of saturation with appli- 
ances exists. Most installations started with lighting and/or a boiling ring, 
progressing through a hot-plate to a cooker. The water heater and re- 
frigerator are recent entries to the market, and their full possibilities have 
not yet been exploited. The same applies to space heating. There are a 
wide variety of space heating appliances, ranging from the orthodox 
portable or fixed fire to the overhead radiant heater : the latter method has 
obvious advantages when using a high-priced fuel intermittently. 


Caravans 


Caravans present certain unique features. First, the question of vibra- 
tion of pipes and joints in transit has to be considered; this also applies to 
lights, globes, mantles, etc. This means that special care must be taken in 
doing the job and designing the fittings. Certain physiological considera- 
tions arise from the low cubic capacities involved with these vehicles. 
Any fuel burned fluelessly in the presence of air vitiated with the pro- 
ducts of combustion and respiration, will produce highly poisonous carbon 
monoxide. The remedy is to have adequate ventilation. Although this 
is primarily a question of caravan design, it has been tackled by the 
National Caravan Council only after full consultation with the LFGIC. 
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Agricultural 


Broadly these installations are limited in application and are not widely 
used at present. Brooders and incubators represent a vast potential con- 
sumption of L.P. gases, on a variety of small applications. There are 
many thousands of small poultry breeders in Britain, and L.P. gas has 
many advantages over the fuel more commonly used at the moment. 
With the increased accent on hygiene in handling dairy products, sterilizing 
and pasteurizing equipment is more widely used, and by the very circum- 
stances of its use presents a field for exploitation. Minor applications which 
have been successfully carried out include the heating of farrowing pens, 
pig food preparation, poultry house lighting for the stimulation of egg pro- 
duction, soil sterilizing, greenhouse heating, ovens for bacteriological 
research on soil, ete. Grain and crop drying on a small scale has not been 
attempted, and L.P. gas can only compete with fuel oil for this purpose 
under very special circumstances. 


Commercial 


It will be apparent that hotels, restaurants, country clubs, cafés, etc., 
are often situated far from public services, and it is under these circum- 
stances that widespread use is made of L.P. gases. The convenience, 
cleanliness, and ease of control of the fuel lead to its adoption in place of 
solid fuels, and the remarks made regarding L.P. gas and town gas in the 
case of domestic equipment apply equally well here. Large scale cooking, 
water, and space heating represent a good load as yet little developed. 
Another field covered in this category is public lighting, and here L.P. gas is 
serving an ever-increasing number of traffic islands. The application to 
bollards, direction signs, ete., using fully automatic devices is rendering yet 
one more service in the cause of public safety. 


Industrial 


Oxy-flame cutting of metals, ¢.g., at shipyards, represents a useful outlet 
for L.P. gases-—primarily propane and propylene, and since the author's 
knowledge of this process is not obtained first hand, it will suffice just to 
mention this important use. Other industrial applications are, for use in 
heat treatment processes, paint drying, ete. 


Semi-industrial 


In this category come such uses as those employed in painting and 
decorating, small workshops, ete. An interesting application is in the use 
of asmall steam unit, fired with L.P. gas for the stripping of paper from walls, 
Paint burning torches are widely used, and box and pig branding have also 
been accomplished. Steam raising and central heating have not been 
extensively applied, as the superior performance is of comparatively small 
importance against the much greater running costs involved. It is apparent 
that there is an optimum size for L.P. gas installation with prevailing prices, 
and this size is dependent upon the type of installation, the relative im- 
portance of fuel and labour costs, and the incidence of these costs in the cost 
of the final product. 
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Miscellaneous 


Laboratory use is a good example of this type of application, and again 
the availability of a town gas supply is often the least important considera- 
tion in choosing a site for a laboratory. Building space in cities and urban 
areas is restricted, rates and the cost of amenities and labour are high, and 
the surroundings are not always conducive to research work. Under these 
circumstances there is a greatly increasing trend for large organizations 
to set up laboratories and research centres far from main gas supplies: 
here again L.P. gas comes into its own. The foregoing remarks apply 
specially to projects concerning the development of atomic energy, and 
L.P. gas is widely used in laboratories of this type. Wider small scale 
usage is found in workshops and garages for such jobs as brazing, soldering, 
lead burning, glass blowing, and in the dental and jewellery trades, for 
melting of precious metals, vulcanizing, etc. 


Mobile 

Mobile applications are specially suited to L.P. gases, and such vehicles 
as travelling dental and medical units, fish shops, laundries, ete., owe much 
to butane. 


EQuIPMENT 
Cylinders 

The normal working pressure in the cylinder is of the order of 20 to 30 
p.s.i., and the test pressure, depending upon type, 200 to 450 p.s.i. The 
bursting pressure is over 1000 p.s.i.g. The thickness of the shell is, in the 
case of butane cylinders, approximately ;’5 inch, and for propane approxi- 
mately } inch. The cylinders are of two piece construction, consisting 
of two deep drawn pressings joined by a circumferential weld. The 
material is a mild steel of low carbon (0-2 per cent max), sulphur (0-05 
per cent max), and phosphorus (0-05 per cent max), the ultimate tensile 
strength is up to 30 tons/sq. in., and the yield and elongation are closely 
specified. Part of the specified requirements concern the sampling of 
test cylinders and the tests to be carried out. These include a full metal- 
lurgical examination of one in every 200 cylinders, and a bursting test 
on alike number. The properties specified relate to both the raw material 
and the finished product, and the heat treatment is designed to achieve them. 

Only qualified welders can be employed on the fabrication, and tests are 
laid down for the qualification of the welders. For protection of the 
cylinders, metal spraying and galvanizing are widely adopted; the cylinders 
are re-tested every three years, and regular inspection is carried out during 
their lifetime. 


Ancilliary equipment (Valves, pigtails, wall blocks, regulators, etc.) 


Allthe equipment coming in the high pressure category is rigidly examined 
by both manufacturers and distributors before despatch to the dealer and 
thence to the customer. There are three types of installation involved, the 
single, the twin, and the multiple cylinder. It is the normal practice to 
discourage the first, as the use of single cylinders reduces the time allowed 
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for replenishment, and leads to rather unsatisfactory operating conditions. 
The twin cylinder installation is normally employed on domestic work, and 
two methods are adopted for coupling these cylinders together, by use of a 
parallel connector or a wall block manifold. The parallel connector consists 
of a specially shaped }-inch brass pipe fitted with a female inlet union at each 
end and a male left-hand threaded outlet at the centre. The wall block 
manifold consists of a wall block having }-inch B.S.P. inlet connexions and 
a male left-hand outlet thread, and two pigtail connexions with }-inch B.S.P. 
connexions at one end and a female union at the other. In all cases the 
cylinder valve to parallel connector or pigtail connexion is by means of a 
left-hand union nut threaded with a 14 T.P.I. metric thread. In the case 
of multiple cylinder installations the desired result is achieved in one of 
two ways, either by using multiples of the twin system or by making 
separate connexions from each cylinder and leading these into a combining 
manifold, The cylinder valve is subject to the same rigorous control in 
manufacture as every other piece of high pressure equipment, but in 
addition the valve is removed and completely reconditioned every time the 
cylinder is re-tested, or when damaged or failing to operate efficiently. 

The regulators are of two types, first the low pressure which operates to 
reduce the inlet pressure from the average of 20 to 30 p.s.i. to, in the case of 
the Calor Gas Company, I1-inches w.g. The other is the high pressure 
regulator, which maintains outlet pressures from 0 to 15 p.s.i. as required. 
Both regulators are adjustable, and give acceptable performance over wide 
ranges of gas offtake and inlet pressure. 


INSTALLATION 
General 


On the low pressure side the points to be considered are the piping, its 
sizing and method of installing, taps, fittings, ete. The most important 
aspect of this work arises from the necessity to use special L.P. gas-re- 
sistant lubricants and sealing compounds, It is, therefore, necessary that 
the work be executed by an operative informed about the properties of 
the gas, as well as skilled in the operations involved. Only approved 
materials should be used in the installation, and the distributing companies 
have in the course of years standardized on semi-annealed, solid drawn, 
virgin copper pipes and the special type of joint known as a compression 
joint. This does not preclude the use of steel or wrought iron threaded 
pipes, but when using these materials the jointing compound should satisfy, 
among others, the following requirements :— 


(i) L.P. gas, water, and heat resisting ; 
(ii) non-corrosive ; 
(iii) uniform consistency and ease of application. 


Lubricants should also be L.P. gas, water, and heat resisting, and be easy 
of application. In all cases it is the practice of the distributing companies 
to recommend suitable materials for lubricating and jointing. 

Naturally, many problems are met in the utilization of the fuel, and 
none more pressing or important than that of training the installing 
engineer. Various methods have been used in the attempt to solve the 
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problem, all having their advantages and disadvantages. The Calor 
Gas Company instituted a training scheme at a company centre, but 
discarded this after two years in favour of the mobile training scheme 
which is now in force. Even supposing an operative is fully trained in 
the necessary fitting practices, it is still necessary for him to have some 
idea of the physics and chemistry involved in the use of the gas before he is 
fully capable of meeting eventualities on the spot. Problems blithely 
described as “ short-life”’ gas, ‘‘ excessive odorant,” lack of vaporization, 
gas will not burn, etc., still remain to plague him; it becomes necessary 
for him to be able to talk intelligently about possible causes. 

One of the problems encountered in utilization is that of maximum 
allowable offtake of gas. Since the vaporization of the gas depends upon 
heat transfer taking place between the ambient air and the liquid, and since 
this is dependent on many factors, it is not proposed to enlarge upon this, 
except to state that the consideration is complicated by the fact that the 
heat transfer is taking place through a continuously varying area (the area 
wetted by the liquid in the cylinder), and with a varying thermal capacity 
according to the intermittency of use. 

It may be of interest to consider the manner in which an installation 
would be effected. First, the fitter would compute the load to the various 
appliances, and using established procedure, arrive at his pipe sizes and 
cylinder requirements. He would then decide upon the location of the 
cylinders, bearing in mind that it should conform to the following con- 
ditions :— 


(i) be near to the point of greatest offtake ; 

(ii) be accessible for the changing of cylinders ; 

(iii) allow cylinders to be upright and give adequate clearance to 
operate the valves ; 

(iv) be shielded from extremes of temperature and from exposure to 
direct radiation from high temperature sources ; 

(v) be well ventilated and well away from sumps, drains, basements, 
etc. 


The nature of the work undertaken is so important that the fitter spares 
no effort to ensure best possible results; among other things, great accent 
is placed on the necessity for courtesy in dealing with the customer. He 
must be fully conscious of the correct use and care of tools and observe 
the cardinal rules of craftsmanship. The installation completed, the 
fitter carries out a pressure test and instructs the customer in the operation 
of the appliances before regarding the job as completed. It is necessary 
also to instruct the customer on the method of operating the cylinder valve 
and of changing cylinders, although as the service provided becomes more 
universal each day, fewer customers need to perform this operation them- 
selves. 


S pec ial 


The special inquiry or installation is outside the scope of the normal 
dealer, and it is essential that his service be backed by a technical centre 
capable of advising on all his difficulties. 
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In addition to ensuring that the equipment provided is the best and 
cheapest the technical centre must continuously devote its energies to 
training by means of manuals, leaflets, etc. 


FuruRE DEVELOPMENTS AND CONCLUSIONS 


Owing to the magnitude of the subject this review has necessarily had 
to be sketchy, but it would not be complete without some reference to 
possible future developments which are put forward on a purely speculative 
basis. It is apparent that improvement of equipment, extension of range 
of applications, and greater economy in distribution methods will lead to a 
greater use in the domestic field. The greater use of saturated and un- 
saturated hydrocarbons as starting points for an ever-increasing range of 
chemical products will lead to more absorption into daily life. The com- 
petitive position of L.P. gases as fuels vis-a-vis solid fuels and town gas and 
electricity is likely to improve as time goes on, and the outlook, therefore, 
is one of an expanding industry. As far as the future is concerned, the 
prospects are promising indeed, 


DISCUSSION 


J.S. Witpine : The Liquid Fuel Gas Industry Committee was formed in 
1947 as an association of the producers and distributors of liquid gases and 
has worked on a completely voluntary basis. The development of the 
liquid gas trade could have been very adversely affected by the random 
sale of a potentially dangerous product for use in unapproved installations, 
and it speaks highly for the good will and sound principles of the members 
of the industry that liquid gas holds the assured position it does to-day. 
The Committee is on the point of reorganizing itself to meet the growing 
demands on its services, under a new constitution which provides for a 
subscription from members and the installation of a permanent Secretary. 

Coming to the papers themselves, I have little to say about Mr Squire’s 
admirable précis of liquid gas production methods. Some remarks on the 
recovery of liquid gas from hydrogenation processes might have been 
interesting, but this is no doubt covered in the section on recovery from 
gaseous sources. 

Incidentally, the hydrogenation process used by the ICI at Billingham, 
to which Mr Shaw refers, uses creosote as its raw material, the main product 
being gasoline, so that the liquid fuel gases from this source are from a non- 
petroleum, home-produced product. For this reason I would like to see 
the term ‘‘ Liquefied Fuel Gases,”’ as used by Mr Squire, or “ Liquid Fuel 
Gas,” as in the name of my Committee, appear in the title of this symposium 
and that of the other two papers. Similarly, ‘ L.F.” gases should replace 
“ L.P.” gases where the abbreviation is used. 

One other point is the mention of lighter hydrocarbons, such as ethane, 
in commercial butane, by Mr Squire. I should have thought that an 
amount of ethane sufficient to give a noticeable effect on the burning charac- 
teristics of the gas would cause the product to be outside specification 
limits on vapour pressure. The point would, however, apply to commercial 
propane. 
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In the paper on the distribution of L.P. gases, Mr Shaw gives a figure of 
40,000 tons per annum for present consumption in the U.K., which, as he 
says, refers to commercial butane for domestic purposes. The total 
sales of liquid gases (butane and propane) are to-day about 48,000 tons 
per annum, the difference between this and Mr Shaw's figure being gas 
used for industrial purposes, to which Mr Taylor has made a passing 
reference. 

A point on which I should like to enlarge a little is the difference in 
application of the two products. Propane has a considerably higher vapour 
pressure, and hence a greater output is obtainable from a container in a 
given time. The amount of propane available is much less than that of 
butane and is likely to be so in the future. It is, therefore, reserved mainly 
for industrial applications such as metal spraying and metal cutting with 
oxy-propane flames, which require sustained gas flows at a fairly high rate. 
Butane can deal with normal domestic requirements, and its lower vapour 
pressure allows larger quantities to be carried in thinner and lighter con- 
tainers than propane, with appreciable advantages to the distributor and 
the domestic user. 

These gases are sold by the different distributors under brand names— 
commercial propane as Propagas or Pyrogas,”’ commercial butane as 
Butagas,” Calorgas,” Bottogas,”’ and “ Scottish Rural Gas.”’ 

During the last few years the gas boards in the U.K. have taken an 
interest in butane for use in small districts where coal gas supply is un- 
economical. They have experimented with both a butane—air mixture 
and with butane-enriched water gas, and both have given very satisfactory 
results. A butane—air mixture having a calorific value of about 730 
B.Th.U/cu. ft. has been distributed in the Whitland area of South Wales 
since January of this year, this system having the advantage that the plant 
is very simple and requires a minimum of maintenance. It was necessary, 
however, to modify existing appliances to use the gas, owing to its high 
specific gravity. At Spenborough, in Yorkshire, a small plant has been 
installed comprising a water gas generator and a butane mixer, the amount 
of added butane being automatically controlled to give a constant calorific 
value of about 450 B.Th.U/cu. ft. This plant has worked now for about 
eighteen months, giving a gas very similar in specific gravity to town’s gas 
and capable of being burned in existing gas appliances. Butane for these 
appliances is drawn direct from the container in liquid form and converted 
to gas in a heated vaporizer, so that there is no dependence on container 
pressure for an adequate gas flow. These experiments are likely to lead to 
a considerable use of butane by the gas industry. 


Dr E. Krocu: | understand that 40,000 tons of butane are being dis- 
tributed each year in the U.K. for domestic use by about 350,000 con- 
sumers, an average of about 250 lb each. The amount distributed in 
Belgium is 48,000 tons per annum to about 600,000 customers, an average 
consumption of about 150 Ib. 

The proportion of the total population of Belgium living outside the gas 
mains is about 45 per cent, 7.e., some 3,750,000 people or 1,250,000 house- 
holds as potential customers for butane. Of those, about one-fifth would be 
unable economically to purchase the gas, so that the number of potential 
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customers becomes about | million. I should be interested to know the 
proportion of potential customers in the U.K. 

In the U.S.A. the domestic consumption is about 1500 lb per user per 
annum, supplied mainly in bulk. 

I do not think that a name used worldwide for twenty-five years should 
be changed now. 


Mr Squire: We prefer the term “liquid fuel gases” as “ liquid 
petroleum gases ”’ can be shortened to “ L.P. gases,” and in the minds of 
the public that is converted to “ low pressure gases,” which they are not. 
The LFGIC has thrashed this out many times. 


A. L. WacuaL: When L.P. gases were first introduced in Poland, the 
problems were immense, and it is surprising that some of them have hardly 
received consideration by the authors. 

In spite of the high propane content of marketed petroleum gases, the 
syphon-tube method for discharging containers was necessary in order to 
secure the gasification of these products under the severe conditions of 
East Continental winters. The latent heat had to be supplied at, or near, 
the pressure-reducing valve; hence it was necessary to provide discharging 
equipment of special design, often embodying separate heat exchanging 
arrangements. From the last two papers it would appear that this problem 
is non-existent in the U.K., which is surprising because there are places 
here where the weather is not much better than that of mid-Europe. 

So far as the design of L.P. gas burning appliances is concerned, I feel 
that Mr Taylor did not give full credit to gas engineers. In some applica- 
tions it is not 80 easy to simulate the performance of town’s gas by petroleum 
gases. The calorific value of these gases is up to seven times as high as that 
of town’s gas, and the requirement of air may exceed even this proportion. 
Hence, there is need for very small and accurately calibrated gas jets and 
relatively high working pressures to facilitate the air induction at a sufficient 
rate. In comparison with coal gas, petroleum gases have a very low and 
highly temperature-dependent rate of flame propagation, and produce 
lower flame temperatures. I know of a case where a temperature of 
1300° C for a heat treatment oven was very difficult to attain without 
resorting to preheating of the air. 

Mr Taylor has told us about numerous very interesting applications of 
L.P. gases. There is, however, one important point missing, 7.e., how does 
the price of, say, 1000 B.Th.U. obtained from L.P. gases compare in the 
U.K. with the same amount of heat obtained from commercially available 
liquid fuels? Also, I should be glad to know whether any attempt has 
been made in Great Britain to use L.P. gases as a motor fuel, at least in 
such a special application as on motor yachts, where a supply of gaseous 
fuel is required in any case. 


Mr Taytor: One of the subjects on which we have been intensely en- 
gaged has been the calibration of jets of from 5 litres per hour flow up to 
100 litres per hour flow, which is the range normally used in the domestic 
side of the business. Jets can be, and are being, made with a flow 
tolerance of +2} per cent, which on a 5-litre jet is very close indeed. They 


4 
258 
; 


LIQUEFIED PETROLEUM GASES—DISCUSSION 259 


are being made by mass production methods, and there are producers in 
Britain who can make 10,000 jets a week to that accuracy. 

I am not particularly well versed in the differences of flame temperature 
of the various gases. I was under the impression that the temperature 
attained with butane in a Bunsen burner was much the same as with 
town’s gas, and I would put them both at about 1700° C. I am willing to 
accept what Mr Wachal has said about that, but my experience leads 
me to think that you will have considerable difficulty in getting a 1700° C 
working temperature without preheat. The only furnaces I know which 
are working at anything approaching these temperatures are such as the 
Davis reverberatory or crucible furnaces of very small capacity and very 
high heat release. 

The normal prices for butane in Britain vary from something like 2s 6d 
to 3s 6d per therm. Kerosine, at 1-7 or 1-8 therms per gallon, costs the 
domestic consumer about 2s per gallon, or maybe more; so that the 
equivalent costs are Is Id per therm for paraffin and from 2s 6d to 3s 6d per 
therm for butane. ; 

The only really statistical market survey of the substitution value of 
butane for kerosine in the U.K. was made in a rather limited area. It was 
established reasonably conclusively that the replacement value was 3 |b 
of butane (about 60,000 to 63,000 B.Th.U.) to a gallon of kerosine (175,000 
B.Th.U.). So that it would appear that the utilization efficiency, for 
domestic purposes anyhow, is of the order of three times as much when 
using liquefied gas, as with kerosine. 

As to the use of L.P. gases as a motor fuel, our Company is one of the 
largest distributors, and until quite recently we have been living hand-to- 
mouth in respect of both gas cylinders and equipment. One motor car can 
consume in a year as much gas as twenty or thirty or even a hundred 
domestic customers, and we would much rather keep our domestic 
customers. There is no real problem involved. No doubt all who are here 
know of the work done in the U.S. on the subject and of the vast amount of 
usage on traction there. 


Mr SuHaw: In reply to Dr Kroch, so far as the potential market in 
Britain is concerned, it is similar to that in Belguim. When we started we 
estimated that there were about a million potential consumers. 

As to the utilization of butane for traction, or at any rate for motor car 
propulsion, | would only comment that there are far too many gentlemen 
here who are anxious to sell petrol rather than butane. 


A. W. Ricnarpson: It is quite wrong to assume that you can burn 
butane with so much higher efficiency than kerosine as has been stated. 


Mr TayLor: | was quoting figures given by a rather large distributor 
of kerosine. 1 was claiming that the appliances were something approach- 
ing three times as efficient when burning butane as when burning kerosine, 
and I was suggesting that people who use kerosine appear to be wasting a 
lot of it. 


N. G. MacGrecor : I should like to ask one or two questions about the 
use of propane and to have an analysis of it, with particular reference to 
the proplyene content. 
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In view of the statement that approximately 40,000 tons of butane are 
sold in Britain per annum, and bearing in mind atmospheric temperatures 
we experience, particularly in the north, where there may be many degrees 
of frost, I should be glad to know the percentage of residual liquid returned 
in the bottles, as it is appreciated that in cold weather conditions complete 
removal of butane is difficult. Could the authors tell me the incidences of 
fire or explosion as the result of burning propane, butane, or propane— 
butane mixtures, and also the incidence of personal injury or death? 


Mr Taytor: With regard to accidents, the industry has an extremely 
proud record. In the LFGIC meetings we have considered the hazards to 
a very considerable extent. We were under the impression, for example, 
that to put butane or propane into yachts was rather hazardous. However, 
in the course of our deliberations we called in an underwriter, representatives 
of yachting bodies, and interested Government Departments, and we asked 
what they thought about it. The underwriter was very worried, but about 
petrol, not gas! The Government bodies, as is so often their wont, said 
that when we had produced something concrete they would look at it and 
say whether or not they liked it. The yachting fraternity were very un- 
willing to design a ship around a cylinder. So that we did not get very far. 

However, we have obtained figures which prove quite conclusively that 
the number of accidents is infinitesimal. I think that in 1951 there were 
five accidents, and there were 2,800,000 cylinders sold in that year. 

The only thing I can say about the amount of liquid returned is that it is 
returned to the filling station. 


K. R. Garretr : Commercial butane may be any mixture of C, hydro- 
carbons, including butadiene, which poses some combustion problems. It 
is hoped that in the next two years, when certain firms put in more plant, 
that constituent will be eliminated. In one part of the country the gas 
will be 90 per cent unsaturated C, hydrocarbons with possibly 10 per cent 
of butanes. In another part, the gas may consist entirely of saturated 
hydrocarbons. These mixtures may contain anything up to 20 per cent of 
propane, depending on the limiting vapour pressure, which, for small 
cylinders 2-5 mm thick, is 100 p.s.i.a. at 45° C. 

For special purposes, e.g., where there are extremely cold conditions, the 
proportion of propane can be increased to 50 per cent. For specific pur- 
poses, 100 per cent commercial propane can be used. The heavier types of 
cylinders will carry anything up to 100 per cent of propane. 

The unsaturated hydrocarbon content depends on refining processes. 
Straight distillation of crude oil produces wholly saturated hydrocarbons. 
The C, hydrocarbon stream from such a process can contain as much as 
97 per cent of propane, the remainder being ethane and butane. 

On the other hand, cracking processes produce varying mixtures of un- 
saturated and saturated hydrocarbons. Regarding propylene, the Wilton 
plant is so designed that it will produce the max amount of ethylene and 
propylene. One can obtain a mixture containing up to 70 per cent of 
propylene, which is far better for cutting than is propane. 

As to other ingredients in the gases, the total sulphur in commercial 
butane is limited to 0-02 per cent by weight, which is equivalent to 23 grains 
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of sulphur per 100 cu. ft. of gas at S.T.P. In general, the actual amount is 
less than half this figure, and it is very much lower than the average 
sulphur content of town’s gas. The C,; hydrocarbons, which tend to be left 
behind in the bottles in cold weather, are limited to 2 mol per cent. The 
caustic soda, which is used in washing the gas, is reduced to a very small 
amount, and hydrogen sulphide, which causes corrosion of steel, a crystal- 
lization effect, is reduced to nil. 


E. E. BLanpon : I was hoping to hear something about the work which 
I know is being done in the laboratories of Mr Taylor’s Company on methods 
of measuring the combustion quality of the gas. 

It was suggested by Mr Wilding that there are faint hopes of getting more 
propane, or of having a greater proportion of propane to butane in mixtures, 
and I wondered why there seemed to be much more propane in France, 
even to the extent of using propane—air for distribution in town gas mains. 

In reference to the advantages of butane—water gas as against butane—air, 
the lower specific gravity has, of course, an advantage in itself, purely as a 
physical factor, but it is the effect of the hydrogen chemically, on the flame 
speed, which is the principal factor in making butane—water gas a much 
easier fuel to burn. 


R. L. Messent: Mr Squire mentioned that supplies of butane from 
refineries and stabilizing units abroad were now being transported to the 
U.K. by injection in stabilized crudes. How much butane can be trans- 
ported in this manner and approximately what losses are involved during 
transit 

Could Mr Squire give his views on the future supplies of butane and 
propane available in the U.K. for liquid gas usage, as it now appears that 
surplus H, and H, hydrocarbons, which provide one of the main sources of 
supply for the liquid gas industry, are being utilized at refineries as feed 
stocks for processes such as isomerization with alkylation, and polymeriza- 
tion with hydrogenation, for conversion into high octane spirits for motor 
fuels. 

The isomers of these H, and H, hydrocarbons are also finding an im- 
portant outlet as raw materials for the manufacture of solvents, dyes, 
synthetic resins, plastics, synthetic rubber, detergents, etc., in the petro- 
chemical industry. 


Mr Squire : It has been possible to transport crude oil containing 6 per 
cent by weight of butane. This is possible by stabilization and removal of 
practically all the propane and the lighter constants, so that the enriched 
crude oil still has a vapour pressure of 10 Ib Reid or less. Roughly, for 
every part of propane removed, six parts of butane can be introduced. 
The loss in transit is not higher than with normal crude oil. 

With the commissioning of new cracking plants in the U.K., I think that 
the proportion of C, to C, hydrocarbons which will become available to the 
market will be increased. It is true that a large proportion of these un- 
saturated hydrocarbons may be used in a polymerization process for the 
production of high octane motor spirit. On the other hand, T think T am 
right in saying that, in the U.K., oil is specially cracked to produce the 
unsaturated hydrocarbons required for chemical manufacture. 
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Dr Krocu : Nobody seems to have answered the question concerning 
supplies of propane being larger in France than in the U.K. The simple 
reason is that there is considerably more butane available in France than 
in the U.K. France now produces about 180,000 tons of butane, and has 
a potential production of some 120,000 tons of propane per annum. 

The question of combustion characteristics and interchangeability of 
various fuel gases has been discussed very thoroughly in a paper which has 
been presented by Association Technique de l’Industrie du Gaz en France, 
and presented at the 5th International Gas Conference held in Brussels. 


A. D. Makower : In setting up a laboratory in a place a long way from 
a town’s gas supply, liquefied petroleum gases can be used for bench burners. 
For most work this causes little inconvenience, but there are certain tests, 
specified by the BSI, etc., where specially regulated flames are required. 
The sort of tests I have in mind are the crucible swelling number for coal 
and inflammability tests for fabric and non-inflammable substitutes for 
rubber. In these instances closely standardized flames are essential, and 
I should like to ask whether in trying to use these gases for these specialized 
purposes one is aiming for the impossible or whether it is possibly, by use 
of suitable burners, to match performance with tests carried out with 
ordinary town’s gas. 

I should like to know also-if ordinary pipelines with normal gas fittings 
are suitable for laboratory use and, in particular, if one reducing valve is 
considered sufficient for the large pressure reduction. 


Mr TayLor: Specialized tests can be done with butane. I am sure we 
have devised a piece of equipment for the coal swelling test. The deter- 
mination of the inflammability of rubber is done by what I think is an Air 
Ministry test, using a high pressure blow-torch of a certain shape and size 
to heat the rubber to a specified temperature. I think there are very few 
standard tests which cannot be so modified as to cope with the normal 
variations of propane—air or butane-air flames, and if Mr Makower is in 
any difficulty in this matter I suggest that he consults one of the distributing 
companies. 

For pipelines, any material normally used in town’s gas practice can be 
used, with adequate safeguards. The town’s gas industry does not use 
compo pipe; so that you would not use compo pipe for butane-air. Ordi- ° 
nary wrought iron, galvanized iron, copper, and composite tubing can be 
used with the right fittings. Moreover, threaded joints can be adopted, 
provided the right jointing material is used. Indeed, there is very little 
limitation on the types of materials employed. 

About reducing valves : we call them “ regulators,” and the gas industry 
calls them ‘‘ governors.’ The extent of their use will depend on the lay- 
out of the laboratory, on whether it is more suitable or economic to run a 
high line around the laboratory and reduce the pressure at the benches, or 
to have a regulator at the cylinder bank and distribute at low pressure 
from that. 

The pressure that can be obtained is many times greater than with normal 
town’s gas practice. You can have almost any combination of pressures 
and any lay-out for pipelines and, except in unsatisfactory installation 
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conditions, you can be sure that you will get the pressure you require at 
each piece of equipment. 


Dr G. E. Witson : I believe that the Calor Gas Company were working 
on the design of a gauge suitable for recording the volume of liquid in a 
cylinder. 1 would be glad to know what progress has been made in this 
attempt to devise a method of ascertaining the contents of a cylinder other 
than by difference weighing. 


Mr Taytor : We tackled this problem from all points of view—mechanic- 
ally, by direct weighing, magnetically, electrically, and hydraulically—and 
applied all the principles we could think of. There are three sound 
methods: (1) a direct weighing machine; (2) an internal float; and (3) 
by pressure. You can obtain an indication of the contents by means of 
pressure, provided the pressure gauge has an adjustment on it so that it 
can be adjusted to the ambient temperature. ‘There are quite a lot of these 
types of instruments in being. It is not so much a question of design as of 
economics, of the cost involved, because in a twin-cylinder installation you 
are not very interested in the contents; you simply replace a cylinder. 
The cost of a weighing machine is up to £6, and nobody wants to buy it. 
Particularly, the use of a float gauge is hopelessly bound up with the fact 
that there are in existence in the U.K. something over a million cylinders, 
which we cannot withdraw in order to cut holes in them and put in gauges. 

Vapour pressure is about the only basis which really has promise, in- 
volving an ordinary dial pressure gauge which can be calibrated with a 
movable dial, which is set to the ambient temperature at the time of 
operation. The work is still proceeding. 


Dr Krocu : I am extremely interested and, shall I say, intrigued by the 
statement made by Mr Taylor that the actual contents of a domestic L.P. 
gas cylinder can be ascertained by measuring the vapour pressure. 
Obviously, there is some relation between the corrected vapour pressure 
and the quantity of L.P. gas remaining in the cylinder, and, quite logically, 
that vapour tension will decrease with the remaining liquid becoming richer 
in Cy hydrocarbons, and poorer in C, hydrocarbons. However, so many 
factors are involvetl that it appears extremely difficult, not to say im- 
possible, to establish a direct relation permitting even a rough estimation 
of the liquid remaining in a cylinder. The original composition of the 
L.P. gas and the rate of withdrawal would have to be identical at all times, 
in order to arrive at a definite correlation between the vapour pressure, and 
the quantity of L.P. gas remaining in the cylinder. 


Mr Taytor: I did not make myself quite clear. I was speaking of what 
is essentially a butane- propane mixture within specified limits of offtake. 
We have heard from Mr Squire how the percentage of propane gradually 
disappears as the content of the cylinder is reduced. It is quite possible, 
and has been demonstrated, that as the amount of gas in the cylinder is 
reduced the amount of propane present is reduced, and the pressure at 
any fixed temperature falls according to the content. 


Dr Krocu: I do not see how this can be done without taking into 
account the rate of withdrawal. 
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Mr TayLor: The speed of withdrawal is obviously a point to be borne in 
mind. But 10,000 tons are supplied for industrial use and 40,000 tons for 
domestic use, 1.¢., 80 per cent for domestic use, where the rates of with- 
drawal are the same, within extremely narrow limits. There may be a 
cooker only. It will not work where there are three or four fires and a 
cooker. But we are dealing essentially with simple installations, and I 
think that, even if you could not guarantee the operation of a particular 
pressure gauge over a wide variety of rates of offtake, it would be sufficient 


to give the customer adequate indication of the approximate quantity of 
yas left. 


J.G. Hancock : I have not experience of liquid petroleum gases, but I 
have been told that it is quite easy to tell when a cylinder is becoming 
empty, because the smell increases. 


Mr TayLor: That is quitetrue. It is due primarily to the slight increase 
in concentration of the stenching agent towards the end of the cylinder. 


Mr Ricwarpson : If we are fair, I think we should say that this is a 
problem in the industry. 


Mr Taytor: Replying further on the subject of indication of contents 
by pressure : the application can be demonstrated. It will operate over a 
range from 10 to about 40 cu. ft/hour, which is equivalent to 30,000— 
100,000 B.Th.U/hour, and will give adequate indication. One does not 
expect to see recorded on the dial that there is 2 Ib left. All that one wants 
to know is that the cylinder is a quarter full or a quarter empty. The 
customer merely wants adequate time in which to order a new cylinder. 


Mr V. BiskE: The level of the frost mark on the cylinder is surely at 
just about the level of the contents, and a reasonably accurate indication 
of the amount of liquid remaining. 


THE PresipENt : [am sure you will all wish to join with me in thanking 
Messrs Squire, Shaw, and Taylor for having given us a most interesting 
symposium on liquid fuel gases. There is no doubt that the availability of 
these gases is a great blessing indeed to those who live in isolated dwellings, 
and in remote villages, and one can only hope that the industry can expand 
so that it can soon fulfil all needs. It may be necessary, as one speaker has 
mentioned, that in order that more people may use this fuel the price should 
be reasonable, possibly lower, than it is at present. But the greater con- 
sumption may introduce a problem in regard to supply, as the carrying 
capacity of imported crude oil for these gases is fairly limited. The 
expansion of refining in the U.K. will be of great assistance, of course. 

One can appreciate, however, that the liquefied fuel gas industry un- 
doubtedly has a very important future before it. [ invite you all to join 


with me in thanking the three gentlemen who have given us this most 
interesting symposium. 


(The vote of thanks was warmly accorded.) 
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STRUCTURE OF LUBRICATING GREASES 
AND ITS CONTROL * 


By J. B. MarrHews + 


SUMMARY 


Recent work concerning the structure of conventional lubricating greases, 
made from soaps and hydrocarbon oils, is discussed, and it is concluded that 
greases consist of two phase systems, in which the soap and oil form two 
distinct phases. The soap exists in greases in the form of fibres, which inter- 
act together to form aggregates. The properties of the grease are dependent 
on the state of aggregation of the fibres, but with given components the 
properties of the grease are dependent on the length : diameter ratios of the 
fibres. 

By controlling the phase structure of the oil-soap system during the period 
of fibre growth in the manufacture of lithium greases, it is possible to control 
the length ;: diameter ratio of the fibres, and hence to control the properties of 
the grease. 


INTRODUCTION 


Discussions on grease usually include remarks about the “ art ”’ of grease- 
making and the desirability of making a close scientific study of the subject, 
in order that the manufacture of greases can be put on a sound basis. Such 
remarks are rapidly becoming out-of-date, as a result of the considerable 
amount of scientific activity concerning the structure of lubricating greases, 
which has occurred during the past fifteen years. The results of this 
activity have led, not only to a better insight into the structure of lubricating 
greases, but also to a more scientific control of their manufacture. 

The knowledge we now possess in this field has been accumulated during 
the last fifteen years by numerous independent workers, and the purpose 
of this paper is to attempt a co-ordination of their various results, and to 
present these in a way which reveals the modern views concerning the 
structure of lubricating greases made from soap. In addition, the paper 
also describes how this new knowledge has been applied to improvements in 
the manufacture of lithium greases. 


PIONEERING WorK OF A. S. C. LAWRENCE 


Lawrence !:? made an extensive study of the gels formed by many metal 
soaps in hydrocarbon oils, and recorded the changes in phase structure which 
occurred in these systems as the temperature was varied. In general, he 
found that, as the isotropic solution of soap in oil was cooled, gelation 
occurred at a temperature which he designated 7; and at a lower tem- 
perature, which he designated 7',, a transition occurred from a clear gel to 
an opaque system. According to Lawrence, the clear gels are basically 
similar in structure to true solutions, since the two components, soap and 
oil, together form a 1 single phase, and if the concentration of soap is too low, 


* A paper on a lecture to the of the of 


Petroleum on 19 February 1952. 
+ The Shell Petroleum Co, Ltd., Thornton Research Centre. 
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a solution with anomalous viscosity is formed instead of a gel. At the same 
time, however, he describes gelation as being a “ crystallization,” and states 
that ‘‘ The soap separates suddenly and in a peculiar crystal habit, so that 
a meshwork is formed holding the oil like a sponge.” The explanation 
offered by Lawrence for this paradox is that the crystallization of soap in 
the gel is inhibited at a very early stage, because the hydrocarbon chains of 
the soap molecules in the very small crystals are in the liquid state, the soap 
itself being in the swollen plastic phase stabie between 7’, and T,. Crystal 
growth, therefore, can only take place unidirectionally, in the plane of the 
carboxylate groups. However, if there is absence of cohesion between 
the hydrocarbon chains, it is difficult to understand how the long macro- 
molecular threads can interact to form the meshwork necessary for the 
formation of a gel. On the other hand, it is easy to visualize Lawrence's 
thread-like soap micelles mixing with hydrocarbon oils to form liquid 
systems with high, anomalous viscosities, possessing no yield values. 

The phase transition occurring at 7’, is, according to Lawrence, from the 
gel to a * pseudo-gel,” or paste of fully crystalline soap suspended in oil. 
The crystals in this paste are very small to begin with, but grow larger on 
ageing. With a sufficiently high concentration of soap, the system is 
plastic, behaving as a Bingham body ; at low soap concentrations, however, 
the soap segregates, 

Lawrence finally concludes that some greases are gels (according to his 
own definition of a gel) and that others are microcrystalline pastes. Further- 
more, he adds that it is not really possible to state which sort of structure is 
desirable, the answer to this question being probably dependent on the 
applications to which the grease is to be put. 


FURTHER DEVELOPMENTS IN PHASE STRUCTURE WORK 


Following these exploratory investigations made by Lawrence, the phase 
structures of oil-soap systems have been systematically studied by several 
people, notably by Vold and his collaborators. Whereas Lawrence’s 
approach to the subject was largely qualitative in character, and most of 
his observations were visual observations of structural behaviour as the 
temperature was varied, the subsequent work has been largely quantitative, 
and specialized experimental techniques have been devised with which to 
make the observations. 

Vold’s work in this field has been mainly an extension to non-aqueous 
systems of the classical work carried out principally by McBain on the 
structure of solid soaps and their aqueous solutions. McBain and others 
had already shown that soaps can exist in different crystalline states, 
transitions from one phase to another occurring as the temperature is raised, 
until finally the soaps completely melt into the true liquid state. In 
addition, when water is added to soap to form a two-component system, 
McBain found that the phase behaviour was markedly affected, according 
to the relative proportions of the two phases. In the extension of this work 
to non-aqueous systems, various experimental techniques have been used 
for observing the transformation temperatures, and a few words about these 
experimental techniques would perhaps be appropriate at this stage. 

Lawrence used the cooling curve technique to some extent, in order to 
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measure his phase transformation temperatures. This technique is the 
well-known method for determining melting points by plotting the tem- 
perature as a function of time as the system freely cools under constant 
external conditions. The rate of cooling is then proportional to the differ- 
ence in temperature between the cooling system and its surroundings, and 
a smooth logarithmic curve is obtained when the temperature is plotted 
against time, so long as no phase transformation involving latent heat occurs 
during cooling. If such a phase transformation does occur, then, of course, 
a break is found in the cooling curve, and the corresponding temperature is 
the phase transformation temperature. The cooling curve method is not 
very sensitive, and can only be used satisfactorily to detect phase trans- 
formations which are associated with fairly large latent heats. For many 
of the transformations which occur in soaps and oil-soap systems, the latent 
heats are too small for the cooling curve method to be applicable, but in these 
cases a much more sensitive technique, known as differential thermal 
analysis, can be successfully applied. } 

Differential thermal analysis is a technique first applied by Le Chatelier * 
in 1887 to the study of phase changes in clays. Since then, the technique 
has been developed and used extensively in the study of clays and other 
minerals, and more recently in the study of catalysts used in the cracking of 
petroleum. Its application to soaps and greases belongs to the last decade. 

The principle of the method is fairly simple and straightforward. 
Essentially, the apparatus 4 consists of two identical cells, each containing 
one junction of a thermocouple, the e.m.f. from which can be measured by a 
simple electrical circuit. One cell contains the soap or grease, or oil—soap 
system, and the other cell contains a comparison material, such as the 
lubricating oil component of the grease, which undergoes no phase trans- 
formations in the temperature range to be investigated. If both cells are 
immersed in an oil bath, the temperature of which is slowly raised at a uni- 
form rate, the temperatures of the two cells rise equally, until a phase trans- 
formation occurs in the soap or grease. Then, owing to the latent heat of the 
phase transformation, a temperature difference between the cells is pro- 
duced, which is recorded by the e.m.f. produced in the thermocouple. By 
plotting the e.m.f., or temperature difference, against time a thermogram 
is obtained, showing a peak whenever a phase transformation occurs (see 
Fig 1, which shows the results obtained with naphthalene in one cell and a 
lubricating oil in the other). If at the same time the actual temperature of 
the soap or grease is recorded, then it is possible to read off directly the 
temperature at which the transformation occurs. It can also be shown that 
the area enclosed by the peak, under standardized conditions, is pro- 
portional to the latent heat of the transformation,’ and this information can 
be very useful for obtaining a more detailed understanding of the phase 
transformations which occur. 

As already stated, the principle of this technique was first employed by 
Le Chatelier for measuring the temperatures of phase transformations in 
clays, but the apparatus and experimental conditions which are suitable for 
clays are very different from those which are suitable for soaps and greases. 
The main difference is that for minerals it is desirable to use fairly rapid rates 
of temperature rise and fall, whereas much slower rates are necessary in the 
‘ase of soaps and greases, 
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The differential calorimetric method of thermal analysis just described 
can only detect thermal transitions which involve a latent heat. It is 
known, however, that phase transformations can occur, which do not in- 
volve latent heat. These phase changes, known as transformations of the 
second or higher orders, can be detected by making use of other properties, 
e.g., viscosity, dielectric constant, infra-red absorption, and X-ray diffrac- 
tion. In each case, the phase transformations are marked by sudden 
changes in the physical property concerned, and therefore, by measuring the 
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property as the temperature is varied, the temperatures at which the phase 
transformations occur can be readily observed. Changes which can be 
visually observed, such as changes in texture, or changes in opacity, can also 
be used to determine transformation temperatures. Generally speaking, 
however, the majority of the phase transformations which occur are of the 
first order, i.e., they involve a latent heat, and hence the differential 
calorimetric method is usually applicable. 

By measuring the transformation temperatures for systems of varying 
compositions, phase diagrams can be constructed. Thus, Doscher and 
Vold,® and Smith and McBain ® have published phase diagrams of mixtures 
of sodium stearate with various hydrocarbons, from which it appears that 
the phase behaviour of these relatively simple systems is quite complex. 
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It may be comforting to the grease manufacturer, however, to note that, in 
the soap concentration region in which he is mainly interested, i.e., from 
zero to 25 per cent wt, the phase diagram is fairly simple, and the number of 
phase transitions which occur when the temperature is raised is relatively 
small. 

In contradiction to the above results, Stross and Abrams ? claim that if 
extreme care is taken to exclude moisture, the phase diagram for sodium 
stearate in cetane is much simpler than that given by Doscher and Vold. 
On the other hand, in the low soap concentration region, a greater number 
of transformation were observed by Stross and Abrams than by Doscher and 
Vold. The reason for these reported differences probably lies in the different 
experimental techniques used, since Doscher and Vold based their con- 
clusions on visual observations of phase changes, whereas Stross and 
Abrams used the differential calorimeter technique. 

The information which has been obtained concerning the different 
phases which can exist in any given oil-soap system is interesting for its 
own sake, and also because it strongly suggests that many of the phenomena 
which are familiar to the grease manufacturer, such as the differences in the 
final properties of the grease produced by differences in rate of cooling or 
rate of stirring, are probably explicable in terms of the phase transformations 
which occur during the temperature cycles followed in the manufacturing 
process. Thermal analysis techniques, obviously, can provide useful in- 
formation concerning the crystalline structures which the soaps can assume 
in greases under different conditions of temperature and concentration, but, 
apart from throwing light on the soap phase structure, they do not carry us 
much further forward in forming a true picture of the structure of greases. 


MICROGRAPHICAL STUDIES ON GREASES 


The microscope in its various modifications is probably the most powerful 
tool which has been used in elucidating the structure of greases. Some of 
the earliest recorded photomicrographs of greases are those published by 
Farrington and Davis.® Using a dark-field, light microscope, and mag- 
nifications up to about 1000 x, they examined a number of greases and 
found that the soap existed in these greases in the form of matted fibres of 
varying lengths. They claimed that a definite relationship existed between 
the length of the fibres and the texture of the grease, and proposed that 
all greases should be classified into four groups, designated as long fibre, 
medium fibre, short fibre, and microfibre, the corresponding grease textures 
and fibre lengths being :— 


100%. fibrous, ropy texture ; 

10 to 100u . ; clinging, slightly rough texture ; 
slightly rough, short texture ; 
lu smooth, unctuous texture. 


This classification has not been generally adopted, and very little notice 
appears to have been taken of Farrington and Davis’s observations. The 
advent of the electron microscope a decade later, however, renewed the 
interest in the fibre structure of greases, and one of the pioneers in the 
application of the electron microscope to greases was the same Farrington 
who had made the earlier observations with the light microscope. 
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Several electronmicrographs of the soap fibres in greases have been 
published within the last ten years, !* and these provide detailed pictures 
of the various structures which the individual soap fibres in greases can 
assume. It is almost inevitable, after looking at a sufficient number of 
such electronmicrographs, to imagine that a grease consists simply of a 
random dispersion of these extremely small, individual, soap fibres through- 
out the oil phase. It is important, however, to realize the limitations of 
the electron microscope before interpretating the data which it provides. 
First, in most cases the fibres have been separated from the grease before 
they are examined. Secondly, it is very difficult to obtain good pictures 
of the fibres in situ in the grease, because there is not a big difference in the 
stopping powers of hydrocarbon oil molecules and the long hydrocarbon 
chain soap molecules. Thirdly, when the soap fibres are separated from 
the greases, or when the hydrocarbon oil is replaced by some other liquid, 
it is probable that changes occur in the way in which the fibres are arranged 
with respect to each other. Finally, the field of view in the electron 
microscope is very limited, and therefore it is difficult to obtain with it a 
reliable picture of the macroscopic structure of the grease. In other words, 
the electron microscope, whilst undoubtedly providing us with valuable 
information concerning the structure of the individual fibres, cannot tell us 
much about the way in which the fibres are arranged in the grease to build 
up the macroscopic structure. In order to learn something on this subject, 
it is necessary to turn to the light microscope. 

As in the case of the electron microscope, it is not easy to see the soap 
structure in greases directly with transmitted light, because of the similarity 
in the refractive indices of the soaps and hydrocarbon oils. With dark- 
field illumination, or preferably with polarized light, however, it is possible 
to obtain a fairly good idea of the manner in which the soap is dispersed 
throughout the oil phase, although it is not possible, of course, to see the 
individual fibres as oue does with the electron microscope, since these are 
too small to be resolved. Thus, the fibres observed by Farrington and Davis 
in the dark-field microscope are almost certainly not individual soap 
fibres, but are probably aggregates of fibres. 

The manner in which the aggregation of the soap fibres may occur in an 
oil-soap system is illustrated in Fig 2, which shows the changes which occur 
when a lithium stearate hydrocarbon oil system gelates. It will be noted 
that the gel structure, as distinct from the grease structure, appears to be 
associated with a secondary aggregation of the primary aggregates to form 
what may be described as giant fibres. Thus, different regimes of structure 
can apparently occur in oil-soap systems, and it appears that it is the man- 
ner in which the primary soap fibres are built up into superstructures which 
largely determines the bulk properties of greases. 


FURTHER EXPERIMENTAL DATA CONCERNING THE STRUCTURE OF 
GREASES 


From the micrographical evidence, it is apparent that the soap present 
in greases exists in the form of discrete fibres, forming a separate phase from 
the oil, and that the properties of the greases depend to some extent on the 
manner in which these fibres interact. Confirmation of this two-phase 
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FIBRE GROWTH DURING EQUILIBRIUM OF LITHIUM STEARATE GREASES At LOO: ¢ 
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structure of greases is provided by the experimental data published by 
Browning.!% 

Browning found that the oil phase in a grease could be replaced by a 
different oil by a simple process of washing the first oil away by the second. 
When this was done, the consistency of the grease was practically un- 
changed, even when the second oil was completely different in chemical 
structure and properties from the original oil. The inference to be drawn 
from this is that the arrangement of the soap fibres had not been disturbed 
by replacing one oil phase by the other. On the other hand, the softening 
caused by pushing the grease repeatedly through a 250-mesh screen was 
found to be dependent on the nature of the oil phase present. This may be 
interpreted as meaning that the equilibrium arrangement of the soap fibres 
is determined to some extent by the nature of the oil phase. Thus, although 
it is possible to replace gently the original oil phase by a different one 
without disturbing the original arrangement of the fibres, the forces of 
interaction between these fibres have presumably been altered by changing 
their environment. Hence, after being shaken up by the screen treatment. 
the fibres settle down again in a different arrangement, corresponding to a 
different degree of hardness of the grease. 

Bondi, Cravath, Moore, and Peterson !* found that, if a grease was sub- 
jected to prolonged shearing, mechanical degradation of the soap fibres 
could occur. This usually took the form of breakage along the short axis, 
to give shorter fibres of unchanged diameter, 7.e., a reduction in the length : 
diameter ratio. When the length : diameter ratio had been reduced to a 
low value, however, breakage then sometimes occurred along the long axis, 
to give an increase in this ratio. For a given grease, they found a relation- 
ship between the consistency (or hardness) and the length : diameter ratio, 
a decrease in the latter causing a softening of the grease. Indirect con- 
firmation of this observation was obtained by mixing nylon filaments, cut 
to different length : diameter ratios, with lubricating oil, and measuring the 
consistencies of the suspensions. For a given concentration of nylon the 
consistency was found to decrease with decreasing length : diameter ratio. 


CONTROLLING THE STRUCTURE OF A GREASE IN MANUFACTURE 


The position at this stage may be summarized by the following state- 
ments on the structure of lubricating greases made from soaps :— 


(1) Greases are essentially two-phase systems, consisting of dis- 
persions of soap in oil. 

(2) The soap generally exists in greases in the form of very small 
fibres, usually possessing a fairly large length : diameter ratio. 

(3) The properties of the grease are largely determined by the manner 
in which the fibres interact with each other, but for a given grease 
composition the length : diameter ratio of the fibres plays an important 

art. 

“ (4) All soaps, which are of interest from a grease manufacturing 
point of view, undergo phase transformations in the solid state, 
when the temperature is raised from room temperature to the final 
melting point. 
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This knowledge alone does not enable one to control the manufacture of 
a grease, but it has been possible to apply it, as the following example 
shows, to discover how effective control can be achieved. The example 
chosen is that of the manufacture of lithium greases.‘ 

From the thermal analysis results for various suspensions of lithium 
stearate, lithium hydroxystearate, and their mixtures in lubricating oil, 
the phase diagrams given in Figs 3 and 4 were obtained. The shaded 
areas are those in which the tie-lines can be drawn.’ It will be noticed 
that the values obtained for the transformation temperatures during cooling 
are in some cases quite different from those obtained during heating. 
For example, one lithium stearate transformation occurs at 180°C on 
heating and at 120°C on cooling. This supercooling effect can be repro- 
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PHASE DIAGRAM FOR LITHIUM STEARATE-LITHIUM 12-HYDROXYSTEARATE GREASES 
-—-HEATING TRANSFORMATION 


duced, but the reason for it is not known. In addition, four phase trans- 
formations are observed for lithium stearate systems on cooling between the 
final melting point and room temperature, but only three during heating. 
The explanation for this, deduced from latent heat data,‘ is that the highest 
heating transformation really consists of two phase transformations, which 
become resolved on cooling, owing to a difference in supercooling effects. 
In the case of the lithium hydroxystearate system there are only two phase 
transformations during heating or cooling. From the results obtained 
with mixed soaps, shown in Figs 3 and 4, it is obvious that the two upper 
transformations of the four observed for the stearate correspond to the single 
upper hydroxystearate transformation, and similarly, the two lower trans- 
formations of the stearate correspond to the single lower hydroxystearate 
transformation. 

The next step was to investigate how the properties of a grease could be 
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modified by bringing the oil-soap system into its equilibrium state in each 
of its phases, and then rapidly cooling the system to room temperature. 
Greases made in this way from a given oil and a given concentration of soap 
were found to vary considerably in their properties, according to the phase 
state in which they were equilibrated, as illustrated in Fig5. In those systems 
showing the four stearate-type transformations, the maximum hardness, as 
measured by ASTM penetration value, and stability, as measured by oil separ- 
ation, are obtained when the system has been equilibrated in the phase which 
is stable between the two lower transformation temperatures. On the other 
hand, in the case of the systems showing only the two hydroxystearate- 
type transformations, the maximum hardness and stability appear to be 
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——-COOLING TRANSFORMATIONS 


obtained when the equilibration temperature coincides with the lower 
transformation temperature. The latter result is not unexpected if con- 
sidered together with the observation that the lower hydroxystearate-type 
transformation apparently consists of the two lowest stearate-type trans- 
formations merged together. 

It might be inferred that the results shown in Fig 5, i.¢., the variations 
of the hardness and stability with equilibration temperature, are due to 
‘freezing into’ the final grease the different soap phase structures in which 
equilibration occurred. This conclusion, however, would not be true, for 
the rates at which these particular phase transformations occur are rapid, 
whereas the process of reaching equilibrium in the chosen phase is lengthy.‘ 
Furthermore, when the final grease is thermally analysed, the lower trans- 
formations are observed during the initial heating, whereas they would be 
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expected to be absent, if the grease consisted of a “ frozen”’ high tem- 
perature phase. 

The actual process going on during the equilibration stage is fibre growth, 
as shown by Fig 6; and the extent to which the fibres can grow, depending 
on the phase which exists during the growth period, is shown in Fig 7. 

The true explanation of the results shown in Fig 5, as revealed by the 
fibre geometry given in Figs 6 and 7, would, therefore, seem to be that the 
properties of the grease, other things being equal, depend on the length : 
diameter ratio of the fibres. This length : diameter ratio, moreover, can 
apparently be controlled by growing the soap fibres while the oil-soap 
system is in a predetermined phase. It is well known that crystalline 
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growth is dependent on the crystalline structure present, and therefore the 
result that different soap phases can lead to differently shaped fibres is not 
unexpected, Controlling the soap phase structure during fibre growth, of 
course, is but one way of controlling the fibre growth, and similar results 
should be obtainable by the introduction of additional substances into the 
system, as crystal growth modifiers. Similarly, the use of different oils 
may affect the fibre growth in different ways, as the result, perhaps, of the 
different surface-active impurities contained in them. For a given system, 
however, the results given in this paper indicate that the optimum grease 
properties and structure can be suitably controlled by paying due attention 
to the soap phase structure during the period of fibre growth. 
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NOTE ON THE INFLUENCE OF NAPHTHALENE 
ON OCTANE RATINGS 


By G. E. Mapstone * (Fellow) and J, S. Dunnam + (Member) 


NAPHTHALENE preparations have appeared on the market regularly as 
‘ mileage improvers,”’ etc., and they are a possible, though minor, con- 
stituent of some gasolines. One of these “ improvers ”’ was tried at the 
recommended concentration of one teaspoon per 2 gal of gasoline in a 1950 
model Morris six-cylinder car, and was found to give no detectable improve- 
ment in mileage or performance on runs of 300 miles, involving both city 
and country driving and all types of terrain. In his extensive review of the 
knock characteristics of hydrocarbons, Lovell ! does not list naphthalene, 
and no information on its octane rating could be gleaned from the available 
literature. The work reported here was therefore undertaken in an attempt 
to supply the deficiency. 

Naphthalene, in various concentrations by weight, was dissolved in two 
different fuels, one a 60 O.N. reference fuel and the other a xylene—n- 
heptane mixture. The octane numbers for these mixtures, clear and leaded, 
were determined by the Motor and Research methods. These are presented 
in Table I. 

TABLE | 


Octane Ratings of Naphthalene Blends 


Motor method ' Research method 


Clear | 1-0 ce | 2:0ce 3-0ce Clear 1:0 ce, 2-0 ce 3-0 ce 
60 O.N. ref. fuel. . 599 73:8 80-6 828 59-9 73-8 80-6 82-8 
1% naphthalene in 60 
OLN. ref. fuel ; | 61-6 | 65-2 68:8 77-0 61-7 69-5 75 80 


3%, naphthalene in 60 
O.N. ref. fuel (approx 


OLN.) . | 64 69 76 80 63 70 82 
Xylene-n-heptane = mix- | 

ture . . | 53:2 | 59-4 | 66-2 | 71-5 — 
1% naphthalene in 

xylene—n-heptane . | 54-7 | 60-2 | 66-6 | 71-5 — — a ae 
2% naphthalene in 

xylene—n-heptane . | 54-6 | 62-3 | 69-6 | 72:0 — — ne 
4% naphthalene — in | | 

xylene—n-heptane . | 53-7 | 62-8 | 692 726) — — 


With the 60 O.N. reference fuel, naphthalene was deposited on the 
venturi tube of the air-intake manifold and the fuel line from the carburettor. 
The octane numbers obtained would not, therefore, correspond to the 
original concentration of naphthalene. Efforts to eliminate the deposit in 
the manifold by raising the temperature of the air intake to 200° F were 
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unsuccessful. A notable feature was the decided loss of rating with the 
leaded samples. 

No deposit occurred in the intake manifold with the xylene—n-heptane 
mixture and naphthalene, though some deposition was observed in the fuel 
line, that with the 4 per cent naphthalene mixture being fairly heavy. This 
may explain the drop in rating of the clear sample. In most other instances 
a small increase in octane rating was experienced in both clear and leaded 
samples. 

Because of the limited solubility of naphthalene in the blends examined 
and consequent small differences in the octane ratings of the blends, 
accurate blending octanes cannot be obtained. However, the blending 
octane number of naphthalene is high, and appears to be of the order of 
200 for the clear mixtures examined. The T.E.L. susceptibility of the 
naphthalene in the blend appears to be poor, in agreement with the general- 
izations drawn by Lovell for the lead susceptibility of aromatic hydro- 
carbons. 

The results obtained showed that, if sufficient naphthalene was added to 
the gasoline to produce a noticeable effect on the performance, fuel line 
and carburettor blockages would almost certainly be experienced. In this 
respect, a highly aromatic gasoline would give less trouble than a paraffinic 
gasoline. The best that can be said for the naphthalene * mileage im- 
provers,” therefore, is that they would be equivalent to adding an equal 
amount of a high octane gasoline. 


ACKNOWLEDGMENT 


The authors wish to acknowledge with thanks the permission granted by 
the management of National Oil Proprietary Ltd. for the publication of this 


paper. 


Reference 
1 Lovell, W. G. Industr. Engng Chem. (Industr.), 1948, 40, 2388-438. 


i 


THE METALLIC ELEMENTS IN RESIDUAL 
FUEL OILS 


By F. H. Garner,* O.B.E. (Fellow), 8. J. Green,* F. D. Harper,* 
and R. E. * 


SUMMARY 


Deposition of ash and corrosion, both major difficulties in the use of 
residual fuels in gas turbines, are due mainly to vanadium and sodium in the 
oil. Iron, sodium, vanadium, and nickel are the chief metals present in an 
Iraq residue examined, and methods have been developed for the determina- 
tion of these elements in oils. Iron and sodium compounds can be removed 
by filtration and water-washing respectively, but vanadium and _ nickel 
compounds cannot be removed by simple means, and are present as organic 
compounds dispersed in the oil. Adsorbent and solvent extraction have 
been found to concentrate the vanadium compounds, but by both methods 
the maximum for an Iraq oil was only fourteen times that of the original fuel 
oil, viz., 0-07 per cent vanadium, Both vanadium and nickel compounds 
could be concentrated in a fraction representing about 5 per cent of the Iraq 
crude used and in about 20 per cent of a Venezuelan crude, and they are com- 
bined with a significant part of the asphaltenes. Previous work suggesting 
that all the vanadium is present as porphyrins is criticized. No method was 
found of preparing fuel oils free from vanadium which would be cheaper than 
distillation. 


INTRODUCTION 


Gas turbines for ship propulsion, for land transport, and for power genera- 
tion must be able to burn relatively low-cost residual fuel oils rather than 
the higher cost middle distillates which are the preferred fuel for air trans- 
port. The fuel oils should preferably be of high viscosity from which the 
middle distillates have been partially or wholly removed. Handling and 
combustion of such fuels are much more difficult than for middle distillate 
fuel oils, but nevertheless even highly viscous fuel oils can now be burnt 
efficiently. The major difficulty is not in the combustion process, but in 
the deposition of ash and the corrosive attack on the surfaces of the com- 
bustion chamber and turbine blades. The refining processes to which crude 
oil is subjected produce distillates free from ash but concentrate the ash- 
forming constituents in the residues. The constituents responsible for ash 
formation are inorganic, and are present in comparatively low concentra- 
tion, normally less than 0-1 per cent. It has been shown that deposits in 
the gas turbines are similar in composition to the ash of the original fuel 
oil and that the two elements, vanadium and sodium, play a particularly 
important part in the deposition and corrosion.! Since both these elements 
are present in almost all crude petroleums, the problem appears to be of 
widespread importance. 

As far as deposition is concerned, sodium appears to be more important 
than vanadium, and Lloyd and Probert * suggest that sodium pyrosulphate, 
vanadium pentoxide, and sodium vanadates act as bonding agents. De- 
position is, however, usually accompanied by corrosion, which is particularly 
serious at high temperatures. This was shown, for example, by Schlapfer, 
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Amgwerd, and Preis,? who compared the effect of vanadium pentoxide and 
that of a natural fuel oil ash, containing 66-6 per cent V,O,, 12-8 per cent 
SO,, and 8-7 per cent Na,O, on a number of heat resisting steels over a wide 
range of temperature. It was found that at temperatures above their 
melting points both vanadium pentoxide and the ash corrode the alloys by 
destruction of the protective oxide films. Although vanadium pentoxide 
alone has a very marked effect, it was found that the alkali content influences 
the attack and enhances corrosion considerably with rise in temperature. 

The problems of corrosion and deposition can be overcome in a number of 
ways. In the design of gas turbines, deposition might be prevented by gas 
cleaning or, alternatively, it has been suggested, by arranging for incom- 
plete combustion of the oil droplets and thus coating the ash with carbon. 
Deposition alone might also be overcome by regular cleaning of the affected 
parts, or, alternatively, some additive might be found which inhibits cor- 
rosion and ash deposition. On the other hand, these problems are com- 
pletely absent when distillate fuel are used, and consequently some method 
of removing ash-forming constituents by an operation cheaper than distilla- 
tion would be attractive. 

The immediate object of the present work was the isolation and identifica- 
tion, as far as possible, of the compound containing vanadium and other 
inorganic elements present in the fuel oils, in order to throw some light on 
the ultimate objective of designing a cheap process for their removal. 

Treibs 4 was the first to suggest that vanadium was present in petroleum 
as an organic compound. Whilst studying the distribution of porphyrins 
of the chlorophyll and hemin series in organic mineral substances, he iso- 
lated a vanadium porphyrin complex from an oil shale and, subsequently, 
similar complexes were identified spectroscopically in mineral oils by 
comparison with spectra of known vanadium porphyrin compounds.* 7 
Similarly, the presence of nickel and iron porphyrins has been suggested, 
but usually most of the iron is present as adventitious inorganic material. 
The occurrence of the porphyrins with vanadium and iron is a secondary 
phenomenon, according to Treibs, which depends on the well-known ten- 
dency of porphyrinsto form complexcompounds. The vanadium complexes 
are extraordinarily stable, and it is thought that less rigidly combined 
metals are displaced. This would account for the noticeable accumulation 
of the rare element, vanadium, in the ashes of petroleums and asphalts. 
Sodium compounds may be present as a mixture of adventitious inorganic 
compounds and as sodium salts of organic acids. 


ANALYTICAL PROCEDURE 
Preliminary spectrochemical work on an Iraq oil showed the presence of 
traces of many elements such as aluminium, calcium, silicon, magnesium, 
copper, etc., but only sodium, iron, vanadium, and nickel were present in 
significant quantities. After considerable investigation, the following pro- 
cedure was adopted for the quantitative determination of the four principal 
elements in the ash. 


Determination of Ash Content 


A weighed sample of oil is ignited in a platinum dish, allowed to burn, and 
the residue heated in a muffle furnace at 450°C until the ash is free from 
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carbonaceous matter. Chemical oxidation of a fraction using a nitric and 


sulphuric acid mixture showed that there is no measurable loss of vanadium 
on burning. 


Determination of Vanadium, Nickel, and Iron 


The ash is fused with sodium bisulphate, leached with water, and aliquot 
portions used separately to determine the elements. 

(a) Vanadium (Phosphotungstate Method).—To the aliquot portion is 
added 5 ml concentrated nitric acid, 5 ml phosphoric acid (3:2). The 
solution is heated to boiling and 5 ml sodium tungstate solution (16-5 g in 
100 ml water) added. After cooling and diluting to 100 ml, the drum 
reading on a Hilger “‘ Spekker”’ photoelectric absorptiometer is obtained, 
using Ilford No. 601 filters (4300 A) and the vanadium concentration read 
from calibrated curves previously prepared. 

(b) Nickel (Dimethylglyoxime Method).—To the aliquot portion is added 
2 ml hydrochloric acid (75 per cent). 5 ml ammonium citrate solution 
(25 per cent), 2 ml 0-025N iodine solution, 5 ml dimethylglyoxime solution 
(0-1 per cent in 50 per cent ammonia solution), and the solution diluted to 
50 ml. The nickel concentration is found from a drum reading obtained 
using Ilford No. 604 filters (5200 A). 

(c) Iron (Thiocyanate Method).—To the aliquot portion is added 10 ml 
hydrochloric acid (75 per cent), 10 ml ammonium persulphate solution 
(0-5 per cent), the solution cooled to constant temperature, 10 ml potassium 
thiocyanate solution (20 per cent) added, and the solution diluted to 50 ml. 
The iron concentration is found from a drum reading obtained between 10 
and 20 min after development of the colour, using Ilford No. 603 filters 
(4900 A), the solution being exposed to light as little as possible. 


Determination of Sodium 


A separate sample of ash is treated with sulphuric acid and the sulphated 
ash heated in a Meker burner and leached with water. Sulphate, iron, etc., 
is then removed by precipitation, the filtrate concentrated, and the sodium 
precipitated and weighed as the zinc uranyl acetate salt. 

Comparison of Residual Oils 


Vanadium, nickel, and iron analyses were carried out on several residual 
oils obtained from Middle East crudes and on one from Venezuela. The 


Ash, °, | Vanadium, °%% Nickel, °, 


ervde | On On | On On On 


residue crude idue crude residue | crude 


Venezuelan | 00666 00468 0-0272 000680 0-000394 | 000105 
Agha Jari (Iran) 00503 | 0:0226 | 000670 | 000302 | 000183 | 0000821 | 0-00257 
Dammam 0148 000262 | 000227 | 0000404 | 0-000638 0-000114 | 000157 
Abqaigq 
Dammam . 34 | 0-00808 | 0-00101 0-000843 | 0-000194 0-9000659) 0-000483 
Abqaiq . 00210 000367 | 0-00169 | 0°000296 | 0000293 | 00000512) 0-00341 
Qatar 0-00629 | 000201 000165 | 0000528 | 0-000442 | 0-000141 | 0-000463 
Irag A. 06-0168 000547 | 0-00630 | 0-00205 | 0-00252 | 0000819 | 0-000826 
Irag ‘ 0-0303 | 0-0139 000528 | 0-00242 | 0-00248 | 000114 | 0-00226 
Kuwait . 00245 00149 0°00837 | 000205 | 0-000911 | 0000557 | 0 
Tran 2 00954 0-0401 0-00711 | 0-00299 | 0-00157 | 0-000658 


TABLE I 
| Tron, % 
| On On 
0-00061 
| 0-00116 
| 0°00027 
| 
| 000016 
00006") 
000015 
000011 
0-00104 
00002 
0-00062 
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results are given in Table 1. There is vanadium in all the residues, although 
the percentages vary widely; the Venezuelan crude, however, has almost 
ten times as much vanadium as any from the Middle Kast. All the residues 
analysed contain nickel, and the ratio of vanadium to nickel for all the 
Middle East crudes lies between 2 and 6. Iron was found in all residues, 
but it was difficult to estimate how much of this is adventitious. 

It appears that high asphaltene content is associated with high vanadium 
content of the oil (Table Il), although there is no precise common relation- 


TABLE II 


Sulphur, 


Oil residue 


Vana- Specific Hexane Asphalt- 
dium, gravity, Insoluble, ene, °, 
| % x 1 20° C | % (H.1.) (A) 


4 
Agha Jari(iran) 947 2- 3° 4 
4 


1-95 


31 


Kuwait O-940 3°38 1-49 1-49 
Dammam (saudi Arabia) O-982 3-6 6-18 5-61 
Abqaiq (Saudi Arabia) 0-964 ° 3°32 2-86 
Qatar 65 ("958 3-92 3 3-44 344 
Abqaiq-Dammam O-940 2: 1-41 


V.B.—(1) All data reported are based on residues, 
(2) H.I. obtained by precipitation using 10 ml hexane per 1 g residue. 
(3) Asphaltene °, is H.I. soluble in benzene, 


ship in the ratio of asphaltenes to vanadium, which varies between 2 « 10? 
and 25 x 10°. However, when the asphaltenes are precipitated, they do 
not contain all the vanadium. 


RESIDUE 


This work was largely restricted to an Iraq residual fuel oil, and the 
following sections are concerned with work on one Iraq residual fuel oil or 
an asphalt obtained from the same oil by propane precipitation. The 
sodium compounds were conveniently removed by water extraction of the 
residue diluted with benzene and acetone, and were found to be almost 
entirely sodium sulphate and chloride. Iron was present as inorganic 
material, such as iron oxides, which was nearly all removed by filtration 
together with some silica. Very small fractions of the iron and sodium 
might have been in solution in the oil, but these were not investigated 
further. The remaining metals present in important quantities were vana- 
dium and nickel, which were shown to be oil-soluble or oil-dispersible, and 
which are not removed by water-washing or filtration. Attention has been 
largely concentrated on these metals. 


Solvent Extraction 


In an attempt to find a selective solvent for vanadium compounds, batch 
extractions of the fuel oil were carried out, using several solvents having 
widely different properties. Benzaldehyde, pyridine, mixed cresols, and 
methyl aniline were completely miscible with the fuel oil at normal tem- 
peratures. Immiscible solvents examined were : aniline, acetic anhydride, 
acetic acid, acetone, benzyl alcohol, cellosolve, cellosolve acetate, chlorex, 
ethylene chlorhydrine, ethyl alcohol, ethyl formate, furfural, furfuryl 


H.T. xt A yore 
v 
| 302 3-02 
3-25 2°74 
| 6-97 
6°35 6°35 
1-7 103 
4-43 442 
27-2 24°8 
- 
19-7 16-9 
20-8 20-8 
14-0 
4 
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alcohol, methyl cellosolve, o-toluidine, water, hydrochloric acid (concen- 
trated and dilute), ammonia, and caustic soda solutions. None of these 
solvents was particularly selective under the conditions used, but 0-toluidine 
and chlorex appeared to be the best. The results show that :— 


(1) The vanadium complex is not water-soluble, but is soluble or 
dispersible in the crude oil. 

(2) Although vanadium porphyrins are reported to be soluble in 
ethyl alcohol, glacial acetic acid, and acetic anhydride by Treibs 4 
and Glebovskaya and Vol’kenshtein,® these solvents extract only a 
small proportion of the vanadium present. 

(3) Although organic solvents of widely different structure were 
used, none had exceptional solvent power for the vanadium compounds 
as compared with the asphaltenes. 

(4) There is no simple relationship between vanadium extracted and 
the density, surface tension, viscosity, dielectric constant, or internal 
pressure of the solvent. 


It is well known that no vanadium appears in the distillate fraction 
obtained from crude oils, but is always concentrated in the residue. It 
appeared probable, therefore, that most of the vanadium might be removed 
with asphalt. Propane-precipitated asphalt from the same oil was there- 
fore examined, and was in fact found to contain virtually all the vanadium 
present in the original fuel oil, but at a much higher concentration, 0-018 per 
cent vanadium in asphalt, compared with 0-0053 per cent in the fuel oil. 

ixtractions of the asphalt were carried out using chlorex, n-butanol, 
glacial acetic acid, and acetic anhydride. A slight enrichment in vanadium 
compounds occurs with chlorex, but there are considerable practical diffi- 
culties. n-Butanol extracts some low molecular weight material but little 
vanadium, and is of little use for the concentration of vanadium compounds. 
Both acetic anhydride and glacial acetic acid dissolve very little of the 
asphalt, and again there is very little enrichment in vanadium content. 


Fractional Precipitation 
Further examination of the asphalt showed that 97:3 per cent of the 


vanadium, 99-2 per cent of the nickel, and 86 per cent of the iron originally 
in the fuel oil was precipitated with the asphalt. Fractional precipitation 


TABLE III 
Analysis of Individual Precipitates 


% Total component precipitated | 


Vanadium 
; content, % 
Ash | Vanadium | Iron 

28 65 

17 

6 

33 


7 
13 


* Wt to wt of precipitant to oil. 


Hexane/oil | 
Ratio* 
| Oil 
69:1 | 6-0 
: 
6 :1 2-6 
9 
6 1 1-2 
8:1 1-0 6-3 5 0-034 
7:1 1-0 400 8 


283 


THE METALLIC ELEMENTS IN RESIDUAL FUEL OILS 


of the asphalt from the fuel oil was therefore carried out, and the distribution 
of the ash-forming constituents followed during the process. Successive 
precipitations were carried out with known weight ratios of the following 
precipitants : petroleum fractions such as n-pentane, n-hexane, petroleum 
ether, white spirit, and ethyl ether. The results followed a general pattern, 
and those shown in Table III may be considered typical. The cumulative 
results are shown graphically in Fig 1. 

The results show that the lower molecular weight hydrocarbons are more 
effective in enrichment of vanadium by the precipitation method and that 
ethyl ether is a much poorer precipitant than the lower hydrocarbons. The 
amount of vanadium in each fraction also depends on the ratio of precipitant 
to oil. Most of the iron is precipitated with the first fraction, as would be 
expected. 

Below a certain ratio of precipitant to oil (1 : 1 for hexane) little, if any, 


100 


PRECIPITATED 
T 


VANADIUM 


SOP 

as- a 

1 i i 1 1 


A 1 
2 3 4 5 
RATIO OF HEXANE TO OIL 
Fie 1 
HEXANE PRECIPITATION OF FUEL OIL 


vanadium appears in the precipitate. However, above this critical ratio, 
a relatively large proportion of vanadium is precipitated in a small amount 
of asphalt with only a small addition of precipitant, and for hexane the 
precipitated asphalt contains 0-049 per cent vanadium. After this first 
precipitation, the asphalt and vanadium precipitated falls off in successive 
precipitations. From asphalt—benzene solutions, it was found that the 
general distribution of the precipitated material is the same as for fuel oil, 
but the proportion of benzene present influences both the amount of asphalt 
and vanadium precipitated. The vanadium contents of the precipitates, 
however, are usually much higher, presumably because they contain less 
low molecular weight contaminants. These results are shown in Fig 2. 

It might seem from the results that a Duosol type of countercurrent 
extraction, using a precipitant and a good solvent for the vanadium com- 
pounds, would be helpful. However, this was ruled out on practical 
grounds :— 


(a) Choice of solvent was more or less limited to aniline, furfural or 
o-toluidine, as the solvent must be insoluble in the precipitant, hexane. 
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(4) o-Toluidine was miscible with a mixture of n-hexane and asphalt 
at normal temperatures. 

(c) Neither furfural nor aniline dissolved sufficient asphalt for a 
countercurrent extraction to be satisfactory, even when benzene was 
added. 


As the countercurrent extraction method for the enrichment of the 
vanadium compounds was found to be impracticable, the use of precipitants 
was further studied. It has been shown that a preliminary enrichment of 
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PRECIPITATED 
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HEXANE PRECIPITATION OF ASPHALT FROM A 1: 1 ASPHALT—BENZENE SOLUTION 


vanadium compounds is best obtained by precipitating asphalt from solu- 
tion by the addition of low molecular weight paraffins. A systematic 
investigation was therefore made using a benzene solution of asphalt. 


Precipitation of Asphalt 


Propane-precipitated asphalt was dissolved in an equal weight of benzene, 
and n-hexane was added, so that a weight ratio of hexane to asphalt of 
15:1 was obtained. The precipitate was then dissolved in benzene and 
precipitated again. A schematic outline of the procedure is shown in Fig 
3, which shows also the vanadium contents of individual fractions. The 
amounts of these fractions and the vanadium obtained based on the total 
asphalt and vanadium are also shown. From these results, it appears that 
further precipitation of P, under the same conditions would increase the 
vanadium content only slightly, if at all. However, two attempts were 
made to concentrate the vanadium in fraction P, using (a) n-hexane and 
(b) mono-methyl aniline. A solution in excess benzene was partially 
precipitated by adding these compounds, but practically no further enrich- 
ment was obtained. It appears that a vanadium content of 0-065 per cent, 
or a little higher, is the maximum it is possible to obtain by fractional 
precipitation of the asphalt. 

Although fraction 8, contained as much as 55-2 per cent of the total 
vanadium, nevertheless, the concentration of vanadium was only 0-0125 
per cent, and no further enrichment was achieved by fractional precipitation 


BS 
= 
75 
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using hexane. According to Knowles, Eckert, McCoy, and Weetman * 
precipitation with aniline separates petroleum resins into naphthenic and 
paraffinic fractions, but this treatment gave no significant redistribution of 
the vanadium in §,. Extraction of 8, with hot alcohol dissolved only 
9-4 per cent and the extract contained 9-0 per cent of the total vanadium. 
In this connexion, it is of interest to note that the evidence of the presence 
of vanadium porphyrins has been obtained by spectroscopic observation in 
ethyl alcohol extracts of asphalt. 


ASPHALT 


1: 1 benzene 
15: 1 hexane 


Precipitate Solution 
| 
A* 
14-1%, total asphalt 3°6%, total asphalt 82-59, total asphalt 


35:2%, total vanadium total vanadium total vanadium 
V content = 0-0481% V content — 0-04599% V content == 0-0125°%, 


| 
| 
1}: 1 benzene 
15:1 hexane 


| 


P, 
12-5°, total asphalt total asphalt 
1-2% total vanadium 
2: 1 benzene V content = 0-0152°, 
15: 1 hexane 


| 


P; Ss 
11:7%, total asphalt total asphalt 
34-39%, total vanadium 0-9%, total vanadium 
V content — 0:0565%, V content 0-0262°, 


* Precipitate from hexane solution after removal of VP). 


Kia 3 


PRECIPITATION OF 


ASPHALT 


From all these results, it was concluded that further fractionation of 
P, and 8, by solvent precipitation would not lead to a significant concentra- 
tion of the vanadium, and attention was then turned to other methods. 


Adsorption 


Two experimental methods were used : (1) Soxhlet extraction of adsor- 
bent-asphalt mixtures, a modification of adsorption methods used for the 
analysis of asphalt ;*!! (2) chromatographic adsorption using columns 
of activated alumina, followed by elution with a series of solvents of 
increasing polarity. 

Results using the first method with various adsorbents such as fuller’s 
earth, alumina, silica gel, calcium carbonate, tale, and carbon, may be 
summarized as follows :- 
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(1) No significant adsorption of “ hard asphalt ” was obtained which 
was not accompanied by a correspondingly large proportion of the 
vanadium. 

(2) The best results were obtained for a chloroform extraction of 
a 4:1 alumina~asphalt mixture, after a preliminary extraction with 
aromatic-free petroleum ether. The chloroform extract contained 40 
to 45 per cent of the total asphalt and 80 to 90 per cent of the total 
vanadium (vanadium content, 0-034 per cent). Some 5 per cent hard 
asphalt was not extracted, and the petroleum ether fraction contained 
about 50 per cent of the asphalt but with little vanadium, usually much 
less than 5 per cent of the total. 

(3) No improvement was obtained by extraction with other solvent 
series, €.g., pentane, cyclohexane, toluene, chloroform, pyridine. All 
the extracts contained some vanadium, but there was very little in the 
pentane or petroleum ether fractions. 

(4) Practically all of the vanadium from the original crude oil is 
concentrated in half the propane precipitated asphalt, i.e., in 6-5 per 
cent of the crude oil. 

(5) The ratio of vanadium to nickel remained approximately con- 
stant throughout the asphalt fractions. 


Chromatographic adsorption of asphalt on an alumina column and 
development with petroleum ether, cyclohexane, chloroform, and pyridine 
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led to similar results. Practically no vanadium is extracted with petroleum 
ether and cyclohexane; toluene extracts some, but the greatest concentra- 
tion of vanadium compounds occurs in the chloroform fractions. This is 
shown in Fig 4. 


Adsorption of Fraction S, 


The fraction 8, mentioned above (Fig 3) was mixed with three times its 
weight of alumina and extracted with petroleum ether in a Soxhlet appara- 
tus and a further extraction then made, using chloroform as solvent. This 
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Fig 5 


ADSORPTION FRACTIONATION OF ASPHALT FRACTION S, 


extract was isolated, dissolved in cyclohexane, transferred to an alumina 
column, and chromatographic development carried out using cyclohexane, 
toluene, chloroform, and pyridine as eluants. The results showed that 
62 per cent S, can be extracted with petroleum ether, the extract containing 
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only 19 per cent of the total vanadium, and that by increasing the amount 
of adsorbent, the vanadium content of the extract would be lower. 

After extraction with chloroform, 16 per cent of the fraction was still 
adsorbed. This is probably high molecular weight material not completely 
precipitated by hexane. The chloroform fraction itself was fractionated 
by chromatographic adsorption, and the results are represented in Fig 5. 
Sharp black bands were observed when eluting with toluene and pyridine. 
It is estimated that 75 per cent 8,, or 62 per cent asphalt, could be removed, 
accompanied by only a small percentage of the total vanadium. Thus, 
practically all of the vanadium, in the Iraq oil fuel is concentrated in the 
asphaltenes, representing 5 per cent of the crude oil. 


Adsorption of Fraction P,, 

Fraction P, (Fig 3) was very strongly adsorbed from a toluene solution, 
but chromatographic development was achieved using chloroform and 
finally pyridine. ‘Two very sharp dark brown—-black bands were obtained 
on elution, and are shown in Fig 6. Very little enrichment was obtained, 
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but results show that P, can be separated into at least two distinct fractions 
having about the same vanadium content, 0-060 per cent and 0-067 per 
cent. The first fraction contained 24-2 per cent of the P, fraction and 24-0 
per cent of the total vanadium, the second contained 56-4 per cent of the 
P, fraction and 60 per cent of the total vanadium. 

All these results have thus shown that although separation of asphalt 
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fractions containing vanadium compounds can be achieved, treatment of 
these gives hard asphalts having vanadium contents of the same order. It 
was decided, therefore, to investigate further splitting of the hard precipi- 
tate, using the Soxhlet extraction method, but employing different solvents 
and adsorbents. 


(a) Effect of Different Solvents 


Precipitates similar to P, or P, were mixed with alumina in the ratio of 
| : 15 and extracted with a series of solvents. Part of the precipitates was 
removed by the first solvent, cyclohexane or carbon tetrachloride, and the 
extracts had relatively low vanadium and nickel contents. Other fractions, 
obtained by continued extraction with benzene, toluene, chloroform, 
acetone, pyridine, ethylene dichloride, ethylene chlorhydrin, chlorobenzene, 
etc., had all substantially the same vanadium and nickel contents, 0-058 
to 0-069 per cent and 0-022 to 0-027 per cent respectively. Thus, no 
significant enrichment for either element was obtained by any solvent used. 
Furthermore, the ratio of vanadium to nickel is roughly constant for all 
fractions obtained. Thus, these elements both occur together either as 
similar complexes or in one molecule. 


(b) Effect of Different Adsorbents 

Using the above method with a series of different adsorbents (silica gel, 
fuller’s earth, alumina, and calcium carbonate) and extracting first with 
carbon tetrachloride and then ethylene dichloride, the results obtained were 
very similar. The adsorbed fractions had the highest vanadium and nickel 
contents (calculated by difference), the vanadium contents being 0-060 + 
0-004 per cent and nickel contents 0-026 -- 0-001 per cent. 


(c) Effect of Different Adsorbent ; Precipitate Ratios 


Reprecipitated asphalt was mixed with aluminium oxide and extracted 
in a Soxhlet apparatus, using carbon tetrachloride and then ethylene 
dichloride. The final fraction was not extracted, but its vanadium and 
nickel contents were calculated from the analyses of the extracts and of 
the original precipitate. Adsorption from both carbon tetrachloride and 
ethylene dichloride solutions appears to be maximum at a ratio of 25 parts 
adsorbent to 1 part precipitate; 68 per cent of the total precipitate was 
adsorbed from a carbon tetrachloride solution and 44 per cent from an 
ethylene dichloride solution. Once again, the final fractions had constant 
vanadium and nickel contents—V%, = 0-069 + 0-003, Ni°, = 0-028 + 0-001. 


TABLE JV 


Method Vanadium, % 


Fractional precipitation ; 0-065 

Adsorption fractionation of P, 0-067 

Soxhlet extraction : 
(1) different solvents (a) : 0-066 
(2) different solvents (6b) 0-058 0-026 
(3) different adsorbents 0-060 0-026 
(4) different adsorbent ratios 0-069 0-028 


y: 
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The vanadium and nickel contents of the final fractions, using the above 
methods (with different starting fractions), are summarized in Table IV. 
The highest vanadium content obtained was 0-074 per cent, and the highest 
nickel content 0-029 per cent. 

Thus, with all these various methods, there is a limit to the enrichment 
of vanadium and nickel, and further treatment of concentrated fractions 
fails to yield material of higher vanadium concentration. 

An examination of the analyses (Table V) of some of the fractions obtained 


TABLE V 
Analysis of Oil and Asphalt Fractions 


Fraction 

| Petroleum ether extract 

of an alumina~asphalt 
| mixture 

Ether soluble fuel oil 

Fuel oil 

Hexane soluble asphalt | 
| Propane precipitated asphalt 
| Ether precipitated fuel oil 

Soluble fraction from re- 
| precipitation of hexane 
precipitate (8) 
| Hexane precipitated asphalt 60-0 
| Precipitate from re-precipi- | 64-0) 
| tation of hexane precipi- | 
| tate (8) | 
| Re-precipitated asphalt (P,) | =? | 
Pat 
| 


Ebullioscopic molecular weights. 
+ P, obtained by Soxhlet extraction of a P,-alumina mixture using carbon tetrachloride; P, by continued 
extraction, using ethylene dichloride; P, is the adsorbed fraction, results calculated from analyses of P,, P,, and 


again shows that the concentration of nickel in the fractions is remarkably 
parallel to that of the vanadium, except for the first fraction. It also 
appears that there is a general tendency for higher vanadium and nickel 
contents to be associated with higher sulphur and nitrogen contents, 
C:H ratios, and molecular weights. It is of interest to compare the 
elemental analyses which Treibs* obtained for a crystalline vanadium 
porphyrin isolated from an oil shale and which he compared with known 
vanadium porphyrins : C,.H,,N,VO Cale C, 70-93; H, 6-33; V, 9-42; C:H, 
11:2. CygHy,N,V(OH) Cale C, 68-67; H, 6-49; V, 9:12; C:H, 10-6. 
Found C, 69:97; H, 6:30; V, 9-56; C:H, 11-1. 

There is no similarity between these results and those obtained in the 
present work, which are given in Table V. Although the C:H ratio ap- 
proaches that of a porphyrin in the fractions: with higher vanadium con- 
centrations, the latter would have to be increased one hundred times to 
give comparable figures. It may be that both vanadium and nickel are 
connected to a porphyrin structure, which is in turn part of a more complex 


compound. 


Adsorption Spectra 
Adsorption spectra were obtained for asphaltene—resin fractions having 
high vanadium contents in the wavelength range, 5000 A to 7000 A using a 


— 
No. “ ‘108 | V/Ni | wt? C,% | H, % | % N, % 
1 3:36 | 097 — | 82-9 97 865 | G77 13 
| | 
2 2°08 | 22 405 | 826 | 7-45 350 | 0-8 
3 2-48 | 2] 420 82:5 11-2 7°35 3-59 | 10 
4 6°83 | 21 700 | 820 | 925 | 885) 69 | 
5 861 | 21 855 | 816 | 901 | 7-25 168 
6 181 2-2 1200 BOS 9-5 1-9 
7 2253 | 1640 7°75 | 97 26 
| | 
ae 8 266 | 23 1720 | 80-3 | 7:73 | 104 | 98 2-6 
9 28-0 | 23 1790 | 800 | 7-70] 104 
| 
10 27-1 | 2-3 - 80-0) 7°39 | | 102 | 1-9 
11 26-0 | 21 — | | 7:55 | | 10-6 1-6 
le 27-0 25 — | 805 7°37 | 10-9 9°54 | 2-4 
13 28-5 | 26 | 80-0 728 110 10-2 
| 
fo 
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Unicam photo-electric spectrophotometer. These were compared with 
similar spectra obtained by Glebovskaya and Vol’kenshtein ® and Skinner.* 

Adsorption maxima were obtained for an ether extract of an adsorbent 
precipitate mixture at 5680 A and for an ordinary alcohol extract, at 5690 A 
and 5330 A. These agree quite well with figures given by Treibs 45 and 
Stern and DeZeli¢é * for synthetic vanadium porphyrin complexes (Table 
V1). The coincidence of the absorption maxima at 5700 A for oil extracts 


TaBLe VI 
Absorption Spectra Maxima 


| 
Material Maxima, A Reference 
Vanadium salt of mesoporphyrin LX di- 
methyl ester (in dioxane). 5700, 5330 Stern and DeZeli¢ 

Vanadium salt of mesoporphyrin . F 5702, 5315 Treibs ° 

Petroleum and bituminous extracts , 5750 to 5720 Treibs ° 

Aleohol extracts of Russian oils. ; 5700, 5330, 4050 Glebovskaya and 
Vol’kenshtein ° 


Alcohol extracts of Santa Maria Valley 
erude. 5700, 5310, 4070 Skinner ? 


and for the synthetic complexes is usually taken as evidence that vanadium 
in petroleum is present wholly as a vanadium porphyrin. For the pre- 
cipitate examined, no absorption maxima could be observed when dissolved 
in toluene, and, although the ether and alcohol extracts showed maxima 
corresponding to a vanadium porphyrin, the red ether extract contained 
only 3-5 per cent of the total vanadium in the precipitate and the alcohol 
extract showing two less conspicuous maxima contained even less. No 
maxima corresponding to nickel porphyrins were observed, although the 
nickel content of the precipitate was relatively high. 

Thus, although absorption spectra suggest that part of the vanadium may 
be present as a porphyrin complex, it would appear that only a very small 
proportion of the vanadium is present in this form. Most of the evidence 
reported in the literature for a vanadium porphyrin structure is based on 
absorption spectra of alcohol or ether extracts, which, for the Iraq oil at 
least, contain only a very small proportion of the total vanadium. It is 
possible that both vanadium and nickel are connected to a porphyrin 
nucleus, which is in turn part of a more complex molecule of high molecular 
weight. Other substituents attached to the porphyrin nucleus would 
explain slight differences in wavelength and complete masking of absorption 
maxima, 


Distillation of the Asphalt 


Vanadium compounds do not appear in the distillate fractions obtained 
from crude oils under normal conditions. It was thought possible that they 
might distil at sufficiently low pressures. However, molecular distillations 
carried out indicated that the vanadium compounds are not volatile below 
300° C (bath temperature) at 10° mm Hg pressure, although approximately 
half the asphalt was distilled. 

A cracked distillate obtained by heating asphalt at dull red heat also 
contained no vanadium. The residue was 38-5 per cent wt of the original 
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asphalt, and when treated with benzene only 3 per cent of the original 
vanadium was soluble. Thus, although comparatively stable to heat 
treatment, the vanadium compounds are transformed at red heat to in- 
soluble compounds. 


CONCENTRATION OF VANADIUM COMPOUNDS IN A VENEZUELAN 
RESIDUE 


Since the Venezuelan residue had a very high vanadium content, 0-0468 
per cent compared with 0-00528 per cent for the Iraq residual oil, it was used 
in an attempt to concentrate vanadium compounds using the methods 
outlined above. Soxhlet extraction of an alumina residue mixture using 
petroleum ether (boiling range, 40° to 60° C) showed that 64-6 per cent residue 
was extracted with only 1 per cent total vanadium. This is comparable 
with the results obtained for the Iraq asphalt. However, the chloroform 
and pyridine fractions had very high vanadium contents, 0-129 and 0-141 
per cent respectively, which are far greater than the highest vanadium 
content obtained for any Iraq fraction (viz., 0-074 per cent). Successive 
precipitations and Soxhlet extractions showed that the vanadium content 
of the fractions could be increased, but again to only a limiting value, about 
(27 per cent. This is still far short of the analytical results of Treibs 4 
for synthetic vanadium porphyrin complexes, all of which have vanadium 
contents between 9 and 10 per cent. 

The results obtained show that the vanadium compounds are organic and 
concentrated in the asphalt portion of the Venezuelan oil. The vanadium 
is distributed throughout 35-4 per cent of the residue (20-5 per cent of the 
crude), and the fractions containing most vanadium are the least soluble 
asphaltene fractions with the highest C : H ratios and sulphur contents. 
Thus, there is a close similarity between the distribution of vanadium in 
Iraq and Venezuelan residues, although the latter contain much greater 
amounts of vanadium. It is significant that the Venezuelan crude also 
contains a much higher proportion of asphaltenes. 


The Nature of the Ash-forming Constituents 


The iron compounds present in petroleum can be removed together with 
silica by filtration : they are probably oxides whose presence is adventitious. 
The sodium compounds are principally chloride and sulphate, and these 
may be removed by washing with water, which may, of course, be a different 
operation in practice. The vanadium and nickel compounds are of par- 
’ ticular interest. The present work indicates that they are present in com- 
pounds closely related with each other. This has been mentioned by 
previous workers.’*!° Shirey, for example, has pointed out that high 
vanadium and nickel contents are usually associated with asphaltic base 
crudes. There is no doubt that vanadium porphyrins have been identified 
in petroleum.4* In the Russian work and in that of Skinner, the por- 
phyrins were identified in alcoholic extracts of the oils. However, no 
previous work has indicated the proportion of the total vanadium which 
dissolves in alcohol. From the present work, the indication is that only a 
small part (about 3 per cent) of the vanadium compounds dissolve in alcohol, 
but that the part which does dissolve has probably a porphyrin structure. 
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The conclusion of Skinner,’ that all the vanadium in Santa Maria Valley 
crude oil is present as vanadium porphyrin complex, is not proven and is 
probably quite wrong. Treibs * also used acetic acid as well as alcohol to 
isolate vanadium porphyrins, but no measurable vanadium could be ex- 
tracted from the Iraq residue by this acid. 

Both vanadium and nickel appear to be associated with the same mole- 
cules which probably make up the hard asphaltenes. This fraction is the 
less soluble, high molecular weight material, with high sulphur and nitrogen 
content, representing about 5 per cent of the Iraq oil and about 20 per cent 
of the Venezuelan. 


CONCLUSION 


Very much more must be known of the chemistry of asphalt before the 
problems of identification of the vanadium and nickel compounds can be 
solved. The experimental evidence indicates that vanadium and nickel 
are combined in big molecules, apparently inseparable from a considerable 
fraction of the oil. In the case of the Iraq crude oil, this is about 5 per cent. 

Neither adsorption nor liquid-liquid extraction methods, singly or in 
combination, appear to offer any likelihood of removing the bulk of the 
vanadium in a highly concentrated fraction, so that distillation or cracking 
may be the most suitable method for eliminating the vanadium content. 
On the other hand, the use of suitable additives in the combustion of fuel 
oil containing vanadium compounds may be a more suitable alternative for 
eliminating blade corrosion. 
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STABILITY OF FUEL OIL-GAS OIL BLENDS 
By D. G. Buti * (Member) 


SUMMARY 


Improvements are suggested in the technique originally devised by the 
author for predicting the compatibility of asphaltic fuel oil and gas oil 
components to ensure stable blends.! 

Fresh experimental evidence shows that the flocculating power of test 
diluent mixtures used in the xylene equivalent test is not only dependent on 
aniline point, but that this flocculating power is reduced when the surface 
tension 18 high. 

It is suggested that, by making allowance for surface tension, it is possible 
to improve the aniline-point criterion for predicting the compatibility of a gas 
oil with a fuel of known xylene equivalent. 

The method for determinining the xylene equivalent has been improved 
by replacing the white spirit by either iso-octane or n-heptane and also by 
substantially reducing the duration of the test. 


INTRODUCTION 


It was recognized that the technique devised by the author ! for the selec- 
tion of compatible components of fuel oil-gas oil blends suffered from 
certain deficiencies. It had been found, for instance, that two gas oils of 
the same aniline point (120° F), when blended with a certain fuel oil in 
the same proportion, produced very different amounts of precipitated 
sludge. It was also concluded that the choice of white spirit for the 
determination of xylene equivalent was not entirely satisfactory, and the 


suggestion was made that it would be desirable to substitute a pure hydro- 
carbon such as n-heptane or iso-octane for the arbitrary paraffinic diluent, 
white spirit. 

This addendum to the original paper presents the results of further 
investigation of both these points, and Appendix I describes an improved 
method for the determination of xylene equivalent. 


SuBSTITUTION OF PuRE HYDROCARBON FOR THE WHITE SPIRIT 
USED IN THE XYLENE EQUIVALENT TEST 


Xylene equivalents have been determined for six fuel oils using the 
following range of pure hydrocarbons, n-hexane, n-heptane, ‘so-octane, 
n-cetane, in addition to the white spirit used for the earlier work. 


TABLE [ 
Fuel Oil Ref 12 


Text | Xylene Aniline | Surface 
ext mixture | equivalent point, ° F | tension, 
dyne/em 
| 
| 


Xylene/n-hexane 58 
/iso-octane 66 23-75 
jn-heptane 62 24:3 
/white spirit | 59 25:6 
/n-cetane 71 27-25 


23-2 


* The Shell Petroleum Co. Ltd. 
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The results of these determinations are given in Tables I to VI and, for 
reasons which will appear later, aniline points and surface tensions of the 
compatible test diluent mixtures by IP 2/47 and 90/44 respectively, have 
been tabulated with their xylene equivalents. 


TABLE II 
Fuel Oil Ref 13 


Test Xylene Aniline 
no | equivalent point, ° F 
yne/em 

6 | Xylene /n-hexane 52 37 22-5 

7 »  /ts0-octane 60 42 23-2 

8 »  /n-heptane 56 46 23:8 

9 » /white spirit 52 60 

10 /n-cetane 66 72 27-2 


TABLE IIT 
Fuel Oil Ref 14 


Test Xylene Aniline Surface 
none Text mixture equivalent point, °F | tension, 
dyne/em 
11 Xylene/n-hexane | 32 80 20-75 
12 »  /ts0-octane 44 84 21-5 
1k | 4, /n-heptane | 36 91 22-25 
l4  /white spirit | 29 108 24:5 
15 »,  /n-cetane 46 120 27-1 


TABLE IV 
Fuel Oil Ref 15 


Test Xylene Aniline Surface 
lest mixture equivalent point, ° F 
| dyne/em 
16 Xylene /n-hexane 33 79 20-9 
7 »  /ts0-octane 44 84 21-6 
18 » [n-heptane | 38 88 22-3 
19 »  /white spirit 32 102 24:6 
20  /n-cetane 48 115 27-1 


TABLE V 
Fuel Oil Ref 16 


Test Xylene Aniline Surface 
no. Test mixture equivalent | point, ° F tension, 
dyne/em 
21 Xylene n-hexane 62 23-6 
22 »  /tso-octane | 68 18 24-0 
23 »  /n-heptane 65 23 24-6 
24 »  /white spirit | 6: 32 25-7 


25  /n-cetane 74 47 27:3 
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TABLE VI 
Fuel Oil Ref 17 


Test Xylene Aniline | 
ho. equivalent point, ° F 
dyne/em 


26 Xylene /n-hexane 33 78 20-9 
27 »  /iso-octane 44 84 21-7 
28 »  /n-heptane 38 88 22-3 
29 7 ‘white spirit 29 108 24-5 
30 ,  /n-cetane 43 126 27-0 


The choice of the paraffinic diluent may now be considered. 

Cetane, by reason of its high molecular weight within the gas oil range, is 
attractive, but, because of its high melting point, it may be difficult to 
detect the end point of the test. The rate of evaporation of cetane is lower 
than that of xylene, so that there is danger of differential evaporation alter- 
ing the composition of the test mixture during the drying of the spot in the 
last stage of the test. 

At the other end of the molecular weight scale, n-hexane is rejected be- 
cause it is probably less readily available than n-heptane or iso-octane. 
Of these latter two, both are available as primary reference fuels and 
although either could be used, iso-octane is preferred by the author because 
of the higher aniline point. 

The detailed procedure for determining xylene equivalent appears in 


Appendix I. It will be observed to differ from the method originally 
published in two respects, viz.:— 


(a) The replacement of the white spirit diluent by iso-octane. 

N.B. A note is added that n-heptane may be used instead of iso- 
octane, 

(6) Reduction of elapsed time from approximately 24 hours to 2 to 
3 hours. 


MopIFICATION OF ANILINE POINT CRITERION FOR COMPATIBILITY 
oF Gas Ow witH FuEL Or 


In the previous work ! it was suggested that, in addition to aniline point, 
the surface properties of a gas oil might be connected with its compatibility 
with fuel oil. The solvent capacity of a gas oil for asphaltenes plays a 
large part in determining the stability of fuel oil-gas oil blends , and this can 
he expressed by various physical constants of the gas oil such as aniline 
point. The aniline point alone is not always a complete criterion, however, 
and it has been found advisable to use a combination of this with surface 
tension, since it has been shown that two gas oils with the same aniline 
point may have different surface tensions. The surface tension and aniline 
point of various diluent mixtures and their components were therefore 
measured. An endeavour was then made to establish an empirical re- 
lationship between these properties under the conditions of the xylene- 
equivalent test as determined with pure hydrocarbons and the white spirit 
diluent. 


The basic data appear in Tables VIT and VIII, and from these data curves 
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were constructed so that the surface tension and aniline point of test diluent 
mixtures could be read off as required (Figs 1 and 2). 


TasBLe VII 


Components of xylene equivalent Aniline point, Surface tension, 
text mixture ak | dyne/em, at 25° C 


n-Hexane . ‘ 145 18:7 
n-Heptane . 157 19:6 
iso-Octane . ‘ 176 18-3 


TaBLeE VIII 


Aniline point, Surface tension, 
Xylene hydrocarbon mixture i dyne jem, at 25° C 


Xylene plus : 
25%, vol n-hexane 


50° 
50% 


75% 
25% vol n-heptane 
35% 

oO ” ” 
50 % ” 
16% ” ” 
25%, vol tso-octane 
35% ” 
50% 


O/ 
/O » ” 


25% vol n-cetane 


Irrespective of the nature of the paraffinic diluent used with xylene, it 
follows from the definition of xylene equivalent that at the xylene-equivalent 
point all test diluent mixtures have equal flocculating power. 

The next step, therefore, was to plot tlie surface tension against the aniline 
point of the test diluent mixtures corresponding to the xylene equivalents 
of each of six fuel oils (Tables I to VI) and to observe the relationship, if any, 
of these properties. 

It was found that, for a given fuel oil, the points derived from test diluent 
mixtures of xylene and pure hydrocarbons lay on a straight line, and that 
the corresponding point with xylene and the white spirit diluent fell very 
nearly on this line. 

The relationship surface tension/aniline point of test diluent mixtures at 


25-2 
41 22-3 
94-5 20°3 
— 25-4 
61 23-3 
113 21-4 
| 04.9 
| 6 | 
| 69 22-1 
126-5 20-1 
27:3 
35% 55 ” - 
5 
50% ,, 112 27:1 
” ” 161 27-0 
25° vol white spirit 26:3 
Qn 0/ 
35% ,, ” ” 
50% 64 25-2 
"750, 94. 
76 oOo ” ” 114 24 4 
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the xylene-equivalent point for the six fuels under consideration is given in 
Fig 3. 

It appears from the curves in Fig 3 that a given fuel oil will produce a 
stable blend with a series of test diluent mixtures, and that the fuel will 
tolerate a test diluent of increasing aniline point, provided the surface 
tension of the diluent increases proportionately, 


FUEL REF.I7 
FUEL REFI4 


FUELREFIS 


ANILINE POINT-SURFACE TENS 
RELATIONSHIP OF TEST 
DILUENT MIXTURES AT THE 
XE POINT OF VARIOUS a's 
FUELS. 


4. 


al 


625, FY 28 
SURFACE TENSION (DYNES /CM) 
Fie 3 


The relationship is illustrated by the slope, A, of the curves to the hori- 
zontal axis, and is shown in Table [X, where A expresses the difference in 
aniline point (’ F) which can be tolerated in relation to a difference in 


TaBLe IX 


Fuel oil Ref 


Mean value 


| 
3 
£160 
a 
a 
30 
©) 
ra 
12 8-8 
13 
15 6-0 
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surface tension of | dyne. It will be noticed that A value ranges from 6-0 
to 9-0 and that the average value for the six particular fuels examined 
is 7-6. 


APPLICATION OF EMPIRICAL RELATIONSHIP BETWEEN ANILINE POINT 
AND SURFACE TENSION OF TEST DiILUENT MIXTURES TO BLENDS OF 
Gas Om anp Fue. OIL 


It is mentioned above that two gas oils of the same aniline point, when 
blended with a fuel oil, produced widely different amounts of precipitated 
sludge, and that the surface tensions of these gas oils were found to be 
different. The details are shown in Table X. 


TABLE X 
Blend of 1 part Fuel Oil Ref 6 with 5 parts Gas Oil 
Sludge, % wt 
after storage for 
| dyne/cm, at 25° C | 20 days 


Aniline point, | Surface tension, 


Gas oil Ref 


15 


16 


It will be seen that the gas oil having the surface tension of 30-1 dynes 
produces considerably less sludge than the gas oil having a surface tension 
of 27-4 or, in other words, gas oil 15 behaves as if its aniline point were con- 
siderably lower than that of gas oil 16. 

Practical difficulties are encountered when attempts are made to extend 
the work described above by including gas oils in the range of test diluents, 
but the author suggests that his original criterion for stability of fuel oil-gas 
oil mixtures can be improved by assuming that the relationship which has 
been found for some pure solvents also holds for gas oils. Partial support 
is given to this idea by the way the white spirit diluent (a mixture of hydro- 
carbons but free from aromatics) fits into the picture. 

As a first step to testing the usefulness of the assumption, blending 
stability curves have been made relating xylene equivalent to aniline point 
and surface tension of the test diluent mixtures. Curves for both iso- 
octane and n-heptane are shown in Fig 4. 

An example can now be given showing how the experimental blending of 
a particular fuel was considered :— 


Fuel Oil Ref 15 
xylene equivalent (iso-octane) = 44 


From the blending curve for xylene equivalent with iso-octane, it was 
found that this fuel is just compatible with a test diluent mixture having an 
aniline point of 84° F and surface tension 21-6 dynes. It was next assumed 
that the fuel will be compatible with a gas oil having an aniline point above 
84° F if the surface tension of the gas oil is sufficiently greater than 21-6 
dynes. A series of six gas oils was chosen, and the maximum permissible 
aniline point of each was calculated, allowing 6° F for every 1 dyne by 
which the surface tension of the gas oil was found to be greater than 21-6. 
In the cases where the maximum permissible aniline point was found to be 
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higher than the actual aniline point of the gas oil, it is predicted that the 
blend will be stable. 


Actual blends of fuel oil with the six gas oils under consideration were 
made to the same dilution ratio (1 : 5), and the amount of sludge produced 
2 


ANILINE POINT—SURFACE TENSION 
RELATIONSHIP OF XE TEST 


MIXTURES FOR USE AS AB 
STABILITY CHART FOR GAS OIL— 
FUEL Olt BLENDS. 


! 20 22 2% 26 2 3 32 HM 36 
SURFACE TENSION OF XE TEST NT MIXTURE 
DYNEICMAT 

Fig 4 


was determined by centrifuge after seven days storage at 100° F. The pre- 


dicted and actual behaviours of fuel Ref 1 


5, when blended with the six gas 
oils, are given in Table XI. 


Taste XI 
Compatibility of Fuel Ref 15 with Gas Oils Ref 28 to 33 


Actual com- 
G il Ref Aniline te nsion, permissible Predicted ae 
jas oil Re point, °F at 25° C aniline compatibility | SU ge. ’o 
dyne/ em, point, °F ae after 
days at 
100° F 


Compatible 0-05 
0-05 
” O-10 
Incompatible 1-40 
0-87 
1:30 


220 
= 
\ 
~|!20 >was 
oo \\ 
BO x 
40 
\ 
\ 
4 
) « = 
28 101 30 138 
29 112 28 127 a 
30 113 27 121 ae 
31 156 26 115 ae 
32 161 28 124 a 
33 161 27 117 s 
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The examples cited in ‘Table X1 show excellent correlation between pre- 
dicted and actual compatibility, but it is not claimed that this striking 
example is sufficient to establish the validity of the argument beyond 
doubt. The evidence obtained from the behaviour of pure hydrocarbons 
under the conditions of the xylene equivalent test is so convincing, however, 
that it is considered justified to present the results at this stage. 


CONCLUSIONS 


(1) The floceulating power of a diluent for asphaltic fuel oil under the 
conditions of the xylene equivalent test decreases as the aniline point 
decreases, or as the surface tension increases. 

(2) The combination of aniline point and surface tension is suggested as 
an improved criterion for predicting the compatibility of a gas oil with 
asphaltic fuel of known xylene equivalent. 

(3) Either iso-octane or n-heptane may be used, in preference to the 
former white spirit diluent, in the determination of xylene equivalent. 
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APPENDIX I 


Xylene Equivalent 
Reagents 


(a) iso-Octane.—Primary Engine Reference Fuel Grade. For specification see 
IP 42, 
or 
(b) n-Heptane.—Conforming to IP Specification (this is identical to Primary Engine 
Reference Fuel Grade). 
(c) Xylene.—Conforming to NBA Specification No. 9, 1950 for 2° xylole, or to ASTM 
Specification D843, or equivalent. 


Apparatus 


25-ml conical flasks fitted with corks carrying air condensers in the form of glass 
tubes 400 mm long, 6 to 7 mm internal dia. 


Procedure 


Prepare a series of mixtures of xylene and iso-octane (see Note 1) containing from 
5 to 95% v/v xylene, successive mixtures containing increments of 5% xylene. Filter 
the fuel oil through No. 46 Whatman filter-paper, if necessary in an oven at 95° to 
100° C, This is to remove existing solids which might confuse the end point. Weigh 
2 + 0:02 g of fuel into each of three 25-m: conical flasks. Choose three diluent 
mixtures to include the expected xylene equivalent and mixtures containing 5 per 
cent more and less respectively of the anticipated xylene equivalent. Add 10 ml of 
diluent mixture to each flask. Close each flask with a cork carrying the reflux con- 
denser, Immerse the flasks up to their necks in a water-bath at 95° to 100° C and, 
when the contents are warmed, swirl each flask until the contents are homogeneous. 
Leave the flasks in the bath (maintained at 95° to 100° C) for 30 min, remove from the 
bath and store in the dark at room temp for 2 hr (min). 

Swirl the contents of each flask and, with the aid of a 1-ml pipette, place one drop 
on to a No. 50 Whatman filter-paper supported by its edges and allow the stain to dry. 


- 


BUTLIN : STABILITY OF FUEL OIL-—GAS OIL BLENDS 303 


A black ring may or may not be visible in the stain. The xylene equivalent is given by 
the xylene content of the first diluent which fails to produce aring. If all the stains 
show rings, further tests with diluents containing more xylene are carried out until the 
mixture is found which gives a clear stain. If all stains are clear, further tests are 
carried out with less xylene until a ring is produced. Then the xylene equivalent will 
be the xylene content of the last diluent to give a clear stain. 


Reporting 
Report the xylene equivalent as, for example, 26 to 30 per cent, which will indicate 


that a mixture containing 25 per cent xylene produced a ring but one containing 
30 per cent did not. Report the dilution ratio at which the determination is made. 


Note 1; n-heptane may be used instead of iso-octane, in which case the xylene/ 
n-heptane curve (Fig 4) is used for assessing compatibility. 

Note 2: In the examination of a waxy fuel, warm the test mixture to 50° C 
before making the spot test. 

Note 3: If greater accuracy is required, further tests may be carried out, as 
results will indicate, with diluents differing in xylene content by 1 per cent. 
However, for the purpose of compatibility assessment determination to within a 
bracket of 5 per cent suffices. 
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We Specialise in 


ALL TYPES OF STRUCTURES 


required for 
Oil Production and Refining. 


ALSO 
‘KELVIN’ ali iron and ‘MAINSTEEL’ PALISADING 
and All Types of FENCING 
for HOME and OVERSEAS. 


A. & J. MAIN « CO., LIMITED 


LONDON : VINCENT HOUSE, VINCENT SQUARE, S.W.1 


Telephones : Victoria 8375 /6/7/8 Telegrams : Kelvin Sowest, London 


WORKS AND REGISTERED OFFICE 


CLYDESDALE IRONWORKS, POSSILPARK, GLASGOW, C.2 


Telephone: Possil 8381 Telegrams: Kelvin, Glasgow 
CALCUTTA : Post Box 36, 16 NETAJI SUBHAS ROAD 
also NAIROBI and CHITTAGONG 
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A small section 

of Lincoln SAE. 300 Motor 
Generators at work on large 
vessels and columns at 

the Anglo-Iranian Oil 

Company’s new Kent Refinery 

on the Isle of Grain, Kent. Lincoln 
welders and electrodes are playing 
an important part in this 

major development. 


of are-welding equipment and electrodes 


LINCOLN ELECTRIC CO LTD + WELWYN GARDEN CITY + HERTS +» WELWYN GARDEN 920 


SM59 
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Horizontally Split Casing Single- Vertically Split Casing Two-Stage 
Stage Hot Oil Pumps. And Three-Stage Hot Oil Pumps. 


The above are some only of the designs included. 
Established 1875 Advertisement No. 3316 


[ulsometer Engineering 
Nine Elms Ironworks, Reading. 


ENGLAND 


CONTINUOUS WAGHING 


BEG 


Hoiley Mott Plants are 
efficiently and continuously 
washing millions of gallons 
of Petroleum products daily 
meee Designed for any capacity. 
| May we submit schemes to 

suit your needs? 
ae OLLEY MOTT 

Continuous Counter-Current Plant 
Telegrams: 


“Typhagitor, Fen, London.” worig-Wide Licensees, CONTINUOUS PLANT 
Telephone: Royal 7371/2. LLOYDS AVENUE, LONDON, E.C.3. 
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GIVE EFFICIENT 
DEPENDABLE SERVICE 


These Valves have no equal for Christmas 
Tree and Flow Line service and are available 
in all sizes and for all working pressures 


normally required by the Oil Industry. 


AUTOMATIC 
LUBRICATION CONDUIT 
GATE VALVE 
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An important Word in the Petroleum Industry 


The SOy Extraction unit of 

Catalytic cycle stocks, when ex- the Phillips Petroleum Company at 

Phillips, Texas, shown in fore- 

tracted with SO,, often give high yields ground above, is the second SO; 

plant to treat cat cycle stocks. 

of raffinates of a quality equal or super- Burk plants were designed and 
built by Badger. 


ior to that of the virgin charge. These 
products may then be blended into prem- 


ium diesel or similar fuels or reprocessed 


in the cat cracker with minimum coke. 


E. B. BADGER & SONS LIMITED 


(Affiliated with Stone & Webster Engineering Corporation, Badger Process Division, U.S.A. 


99 ALDWYCH, LONDON, W.C.2 


Process Engineers and Constructors for the Petroleum, Chemical and Petro-Chemical Industries. 
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COMPREHENSIVE 
SERVICE 


Complete Refinery Design 
and Construction. 


Atmospheric & Vacuum Distillation Units. 


Combined Distillation, Cracking, 
Reforming and 
Vapour Phase Treating Units. 


Pressure Distillate Re-run, 
Gasoline Recovery & Stabilisation Units. 


Fractionating Columns and Tube Stills. 


All types of Heat Exchange Equipment. 


F. CRAIG & COMPANY LIMITED 


CALEDONIA ENGINEERING WOR 


PAISLEY SCOTLAND 
London Ottice : 727, Salisbury House, London Wall, EC.2. Telephone: MONARCH 4756 
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BROTHERHOOD 
STEAM TURBINES 


FOR DRIVING PUMPS, Etc. 
Wide range—All types. Over 40 years’ experience. 
Hundreds in hand—thousands in service. 


BROTHERHOOD 


STEAM ENGINES 


High speed Vertical up to 500 B.H.P. 
Over one hundred in hand. 


BROTHERHOOD 
COMPRESSORS 
Air, Gas and Refrigerating. 


The widest range in the British Empire 
—made to suit your requirements. 
Thousands in service. 


BROTHERHOOD 


REFRIGERATING PLANT 


Ammonia, CO,, Freon, SO,, Methyl 
Chloride. Wide range—single and double 
acting—one or more stages. 


BROTHERHOOD 


GENERATING SETS 


Turbine driven up to 11,000 kw. 
Engine driven up to 340 kw. 
Hundreds in hand. 


COMPRESSOR £ POWER PLANT SPECIALISTS .FOR NEARLY A, CENTURY 


also Manufacturers of all kinds of 


PLANT TO CUSTOMERS’ OWN DESIGNS 
WHY NOT SEND YOUR PROBLEMS TO US? 


We shall be pleased to investigate them confidentially without commitment 
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IS YOUR PETROLEUM 
BOOKSHELF COMPLETE? 


It is if it includes ALL the books listed below. Each one is essential 
to the man who wants to keep abreast of developments and trends in 
the petroleum industry 


Reviews of Petroleum Technology 


VOLUME 12 
Surveying developments during 1950, this volume brings the 
wide field of petroleum literature within the covers of one 


book. 
(A few copies of Volumes 10 and I 1 are still available at 27s. 6d. each) 


Oil Shale and Cannel Coal 


Eight hundred pages of the latest data on all aspects of oil 
from shale. 


Electrical Code 


Covers safety practices in the use of electricity in the field, 
refinery and storage installation. 


ASTM/IP Petroleum Measurement Tables 


BRITISH EDITION 

Authoritative tables for use in computing oil quantities in 
territories which employ the British system of weights and 
measures. 


Petroleum Measurement Manual 


A companion Volume to the ‘‘ Tables.’’ Essential to anyone 
who has to deal with the sampling and measurement of 
liquid petroleum products. 


All the above books can be obtained through a bookseller or direct from 


THE INSTITUTE OF PETROLEUM © 


26 PORTLAND PLACE, LONDON, W.|I 
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Cant you Let th 
‘Ng, fi 


Nothing creates a more horrible 
nightmare than an installation 
that refuses to work out to plan. 
Yet nine times out of nine, the 
trouble lies with faulty pipe 
fabrication. 

Now Cappers would have got 

it right first time—that’s the 
advantage of dealing with 
specialists. They fabricate tubes 
of any length or thickness from 
4’’ to 20” diameter. They have 
the experience, the workers and 
the most up-to-date plant in 

the country. Delivery is good 
and their expert advice is yours 
for the seeking. 

Write their name in your diary 
now. 


Please write for our catalogue 
No. 4 which gives you full 
details of our products 


WILLIAM H. CAPPER & CO. LTD., FORWARD WORKS, WOOLSTON, WARRINGTON 
Telephone: Warrington 3266 7.8 
London Offices: 20 SOUTHAMPTON PLACE, W.C.1. Telephone: CHAncery 4721 
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oil refinery 
fittings 


for EXTRA Service 
Efficiency 


TYPE 1000 
MULE EAR FITTINGS 
— This type of fitting lends itself 
— to the Directional Solidifica- 
- tion principle of casting, which 
- ensures complete soundness 
without centre-line weakness 
and shrinkage. 


For many years, Osborn Foundry & 
Engineering Co. Limited, have speci- 
alised in the manufacture of Return 
Bends for Oil Refineries and Chemi- 
cal Plant. They are cast in many 
types of steel, for all pipe sizes, are 
of rugged construction, thoroughly 
dependable, and will give years of 
trouble free service. 


All Osborn fittings are interchangeable with those 
made by Ohio Steel Foundry Co., being made in 
accordance with Ohio designs. 

Catalogues will be sent upon request. 


SAMUEL OSBORN & CO.LIMITED 
CLYDE STEEL WORKS, SHEFFIELD 
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RIGHT: 

Erection at an oil re- 
finery of a large fusion- 
welded treating tower, 
manufactured by Babcock 
& Wilcox Ltd. 


BELOW: 

An installation of Babcock 
outdoor type oil-fired Inte- 
gral Furnace boilers. Total 
capacity 300,000 lb. steam 
hr., at an oil refinery. 


Superior plant is a potent secret weapon in the 
struggle for economical production. Babcock & 
Wilcox Ltd. manufacture to the highest specifi- 
cations a wide range of boilers, welded pressure 
vessels, heat exchangers, and waste-heat utilisa- 
tion plant for the oil industry. They were 
pioneers in the manufacture of fusion-welded 
pressure vessels, of which they have made 
thousands in the largest sizes and for the 
highest pressures, many of these being for 
Britain’s oil refineries. In the field of steam- 
raising their experience extends over 75 
years and they have a world-wide reputation 

as the leading manufacturers of complete 

boiler plant. 


BABCOCK 


EQUIPMENT 


for the 


| 


BABCOCK & WILCOX LTD., BABCOCK HOUSE, FARRINGDON ST., LONDON, E.C.4 
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MATTHEW HALL 


GROUP OF COMPANIES 


ESTD. 1848 


MATTHEW HALL 


OIL REFINERY, CHEMICAL AND INDUSTRIAL ENGINEERS 
ERECTION OF PLANT AND MACHINERY 
WELDED OIL PIPE LINES 
AIR CONDITIONING AND REFRIGERATION 
FLAMEPROOF ELECTRICAL INSTALLATIONS 


MATTHEW HALL PTY) LTO 


MATTHEW HALL & CO, LTO 
KELCO (METALS) GARCHEF LTO. 

LONGON 26-28 Dorter Saware NW! ne 29 Westiend Rew 

MANCHESTER 95-97 Princens Serene GEAMISTON Wadeviite WEST INOIES 
GLascow 9) OURBAN 100-102 4 

care TOWN Seu 

Third Stroas 


BuLawarTo . 


THE MATTHEW HALL GROUP OF COMPANIES ) 
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MODEL 
Many years of develop- a’ 


ment and manufacturing 

experience enable Foxboro to offer the Model 40 
Controller to satisfy the needs of the varied pro- 
cesses encountered in the Oil and Petroleum Industry 
where Automatic Control is the key to improved 
performance and increased quality of product. Com- 
plete details about the ‘* Mode 40” available trom 


FOXBORO-YOXALL LIMITED 


MORDEN ROAD, MERTON, LONDON, S.W.19 


Kindly mention this Journal when communicating with Advertisers 
xvii 


THE 
4 4 
at » 
> 
bis 
> 
. 
= : 
) 
: 


“ROCK BITS: DRILL 
DRAG BITS, 


JET NOZZLES 

AVAILABLE OVER VS2. JF 
THE FULL — TYPE 

10 TYPE RANGE 


1LBAO HOUSE, 36-38 KREW BROAD STREET, LONDON, E.C. 
fephone: LONdon Wall 4941-4 Sutsidiary Compantes Telegrams: Bullwheel, Ave., Lo 


IDECO LTD. Fixby, Nr. Huddersfield, Yorks. 
CANADA, L 0/03-B0th Avenue, Edn on n, Albe Edmonton 35825 
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In erection and opera- 

tion the Glitsch truss- 

_ type design effects a 

saving in time and 

money. Maintenance, 

too, isgreatly simplified 
and longer runs “on stream” made possible. 
Refiners throughout the world choose these bubble 
trays for their economical processing and remark- 
able flexibility. 


METAL 


AMITED 


STAINLESS STEEL SPECIALISTS 


74 PURLEY WAY CROYDON SURREY 
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COMPLETE Engineering 
“of Petroleum Chemical 
/ and Refinery Plant 


~ 


The A. L 0.C. Plant at Llandarcy 


From Flow Sheets to Clients’ take-over, 


Frasers offer:— 


ENGINEERING DESIGN, 

p> FABRICATION of key items in their own works, 
PURCHASING, 

EXPEDITING, 

INSPECTION, 


ERECTION 
of complete plants. 


TAS PS.394 
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rad Office: Dagenham, Essex. 


If you are responsible for the 


fire safety of oil refinery plant 


or storage tanks... 


be sure to obtain the comprehensive 
information and unrivalled service that 
we—the largest manufacturers of Mechanical 


Foam Equipment—can offer. 


YOU have a fire safety problem. 
WE have a highly experienced staff of 


Fire Engineers—WHY not let the two combine 


towards reaching a satisfactory solution .. . 


Write now to Dept. J.I.5 


THE PYRENE COMPANY LIMITED me THE e 
9 Grosvenor Gardens, London, S.W.|! jl 

Telephone: Victoria 3401 

Head Office and Works; 


COMPANY 
Great West Road, Brentford, Middlesex "LIMITED 
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**Newallastic’’ bolts and studs have qualities which 

_ are absolutely unique. They have been tested by 
every known device, and have been proved to 
be stronger and more resistant to fatigue than 
bolts or studs made by the usual method. 


POSSILPARR 
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